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ABSTRACT 

This sixth of 10 blocks of student and teacher 
materials for a secondary/post secondary level course in electron ic 
principles comprises one of a number of military-developed curriculum 
packages selected for adaptation to vocational instruction and 
curriculum development in a civilian setting. Prerequisites are the 
previous blocks. This block on solid state wave generating and wave 
shaping circuits contains nine modules covering 68 hours of 
instruction on principles of oscillations (5 hours) ^ solid state LC 
oscillators (8), solid state RC oscillators (5), solid state 
frequency multipliers (4)^ solid state pulsed and block oscillators 
(8)^ solid state multivibrators (]2), solid state sawtooth generators 
(8) f solid state trapezoidal generators (7) ^ and solid state limiters 
and clampers (11). Printed instructor materials include a plan of 
instruction detailing the units of instruction^ duration of the 
lessons^ criterion objectives^ and support materials needed. Student 
materials include a student text; nine guidance packages contain ing 
objectives^ assignments^ review exercises and answers for each 
module; and two programmed texts. A digest of the modules in the 
block is provided for students who need only to review the material. 
Designed for self- or group^paced instruction f the material can be 
adapted for individualized instruction. Additional print and 
audiovisual materials are recommended but not provided. (yLB) 
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MILITAKf CURRICULUM MATERIAI£ 



The mlitary-developed curriculum materials in this course 
package vere selected by the National Center for Research in 
Vocational Ec3ucation Military Curriculum Project for dissem- 
ination to the six regional Curriculum coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating ttiese courses was to make curriculum materials 
develcped by the military more accessible to vocational 
educators in the civilian setting. 

The course materials wsre acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. ^Saterials which were specific to the rnLlitary 
were deleted, oDpyrighted materials were either omitted or appzo- 
val for their use was obtained. These course F>ackages contain 
curriculum iiresource materials which can be adapted to support 
vocational instruction and curriculiim developffnent . 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

« Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

« Installing educational programs and 
products 

• Operating information systems and 
services 

« Conducting leadership development and 
training programs 



FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

The National Center for Research m Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
^ Telephone: 614/486-3655 or Toll Free 800/ 




848-4815 within the continental U.S. 
(except Ohio) 



Military Curriculum 
Materials for 
Vocational and 
Technical Education 



Information and Field 
Services Division 



The National Center for Research 
in Vocational Education 



Military 

Curriculum Materials What Materials 
Dissemination Is . . . Are Available? 



an activity to increase the accessibility of 
military-developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected fordissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 



Project Staff; 



Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 



Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student woHcbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented wilt expand as additional mate* 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 
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How Can These 
Materials Be Obtained? 




Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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NORTHWEST 
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Director 


Director 


100 North First Street 


Building 17 


Springfield, IL 62777 


Airdustrial Park 


217/782-0759 


Olympia.WA 98S04 




206/753-0879 


MIDWEST 


SOUTHEAST 


Robert Patton 


James F. Shill,Ph.D. 


Director 


Director 


1S15 West Sixth Ave. 


Mississippi State University 


Stillwater. OK 74704 


Drawer DX 


405/377-2000 


Mississippi State. MS 39762 




601/3252510 


NORTHEAST 


WESTERN 


Joseph F. Kelly* Ph.D. 


Lawrence F. H. Zane. Ph.D. 


Director 


Director 


225 West State Street 


1776 University Ave. 


Trenton. NJ 08625 


Honolulu. HI 96822 


609/292*6562 


80B/948'7834 
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Classroom Course 7-10 



ELECTRONIC PRINCIPLES VI 
Table of Contents 



Course Description 
Plan of Instruction 
Volume VI 

Solid State Wave Generating and Wave 
Shaping Circuits - Student Text 

Modules A2-50 - Digest 

Module A2 

Principles of Oscillations - Guidance Package 
Module A3 

Solid State LC Oscillators - Guidance Package 
Module AA 

Solid State RC Oscillators - Guidance Package 

Module A5 

Solid State Frequency Multipliers - 
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Module A6 
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Module ^ 
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Expires July 1, 1978 




Course Description. 

Thi» block IS the sixth of a ten-block course providing training in electronic principles* use of basic test equipmefit, safety practices* circuit analysis, 
sorderr'Tg, digital techniques, microwave princrpJes and troubleshooting ba^ic circuits. Prerequisites to this block are Slocks I through V covering 
DC circuits, AC circuits, RCL circuits, solid state principles, and solid state power supplies and amplifiers. Slock VlSotid Stare Wave Generating 
and Wa¥e Shaping Circuits contains nirw modules covering 68 hours of instruction over the principles of oscillations, solid state oscillators, 
multipliers, multivibrators, sawtooth Qenerator^, trapeaoidal generators, limiters and clampers. The ftwDdule topics and respective hours follow: 

Module 42 - PrindplM of Ostillatlont (5 hours) 

Module 43 - SoMd St»te tC OsdJUrtoit (8 hours) 

Module 44 - Solid State RC Ottitltton (5 hours} 

Module 45 - Solfd Sttte FrtqiMncy Muhipllen 14 boun) 

Module 46 - Solid State PuUed ml Block OnillBtorf (8 hours} 

Module 47 - Solfd State Muftlvjbreton M2 hours) 

Module 48 - Solid State Sawtooth Gantrators (8 hours) 

Module 49 - Solid Stata TrapazoWal Ganaraton {7 hours) 

ModuleSO - Solid Stata Umitart and Ctampan (11 hours} 

This block contains both teacher end nudent meter iais. Printed instructor materials include a plan of instruction detailing the units of instruction, 
duration of the lessons, criterion objectives, end the support material needed. Student material! consist of a student textosed for an the modules; 
nina guidance packages containing objectives, assignments, review exercises and answers for eech module ; and two programmed texts an solid state 
multivibrators and solid state trapezoidal waveform generators. A digest of modules 42—50 for students vyitio have background in these topics and 
only need to review the major points of instruction is also included. 

This material is designed for self- or group-paced instruction to be used with the remaining nine blocks. Most of the meterials can be adapted for 
individualized instruction. Some additional military manuals and cofTfmercially produced texts are recommended for reference, but are r,ot provided. 
Audiovisua Is suggested for use with the entire course conslts of 143 videotapes wtiich are not provided. 
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POI 3AQR30O2O-1 



PUN OFIIjSinUCTICfj 
(Tecbsicsl Traiaisg) 



ELECTRONIC PRINCIPLES 
(Modular SelE-Paced) 




KEESLER TECHNICAL TRAINING CENTER 
6 November 1975 - Effective 6 January 1976 with Class 760106 

Volume ^ 
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( 



departmi:nt of thk air force 

U<^AF Sch of Applied AeroGp Set (ATC) 
Keesicz Air Farce Base, MLssLssippL 39534 



PLAN OF INSTRUCTION 3AQR300:O-7 
6 November lv7'^ 



FOREWORD 



1, PURPOSE: This publication is the plan of instruction (POI) when the 
pages shown on pai^e A are bound into a single document. The POI pres- 
cribes the qualitative requirements for Course ^iumber 3AQR30O2O-1, Elec- 
tronic Principles (Modular Sel£-Paccd> In centis of criterion ob3ecciv€S 
and teachi:ig steps presented by aodules of instruction and shows duration, 
correlation with the training standard, and support materials and 
guidance, Wlien separated into modules of instruction, bcccmes Part I 
of the lesson plan. This pOI was developed under the provisions of 

ATCR 50-5, Instructional System Development, and ATCR 52-7, Plans of 
Instruction and Lesson Plans, 

2, COURSE DESICN/DESCRIPTIGN. The instructional design for this course 
is Modular Scheduling and Self-Pacing; however, this POI can also be 
used for Croup Pacing- The course trains both non-prior service airmen 
personnel and selected re-enlistees for subsequent entry into the equipr:er,t 
oriented phaso of basic courses supporting 303XX, 304XX, 307:\X, 309x:v and 
328XX AFSCs. Technical Training includes electronic principles, use of 
basic test equipment, satet practices, circui t analysis, soldering, digital 
techniques, microwave principles, and troubleshooting of basic circuits- 
Students assigned to any one course will receive training only in tho<?e 
modules needed to con^plement the training program in the ecLiipment pha:e. 
Related training includes traffic safety, commander's call /briefings acd 
end of course appointments, 

3, TRAINING EQUIPMENT. The nuraher shown in parentheses after couipment 
listed as Training Ecuipmcnt under Sl^PPORT MATERIALS AND GUIDANCE is the 
planned number of students assigned to each equipment unit. 



4, REFERE^?CES. This plan of instruction i:. based on Course Tr^iRing 
Standard KE52-3AQR30020-1, 27 June 1975 and Course Chart 3AQR30O20-1, 
27 June 1975. 

FOR THE COMMANDER 




Commander 

Tech Tng Gp Prov, 3395th 



OPR: Tech Tng Gp Prov, 3395th 
DISTRIBUTION: Listed on Page A 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 



■I ,:>f ir^\ T ^^uc tor 



COURSE TITLE 

ELectroni c Principles 



VI 



I Solid State Wave Generating and Have Shaping Circuits 



f ^ 



COURSE CONTENT 



t-Yinciples of Oscillations (Module h2) 



lYcTi a list of rtatementsf select the statement(s) that 
. .,(s) th^3 requirements for sustaining oscillations at a 
iLtt frequency. CTSi 5f(l), 5f(2)f 5f(3) Meas* W 

(1) Amplifier 

(a) Common Ebitter 

(b) Conmon Base 

(c) Common Collector 

(2) Frequency Determining Device 
(a; LC Tank Circuit 

(t) TiC Circuit 
(c) Crystal 
{'^) Hegener-itive Feedback 
(n) Inductive 
(: ) Capacitive 
(c) EC Netvxork 



DURATION 



(4/1) 



SUPERVISOR APPROVAL OF LESSOH PLAN fPART IQ 





DATE 


SlCh4ATURE 


DATE 


























:aqicoo2o-^i . 


1 OATE 

|20 Movember 1975 


PAGE HO. 

h7 



. f^O^M TOO iT. V' 1 . REPLACES ATC FORMS 337. MAR 73* AKO 770* AUG 72, WH(CH WILL BE 

ATC 133 K^<>..J*r VJoa9 yj^Q 

er|c cm mum 



— 

PLAN OF tNSTRUCTION/LESSON PLAN PART I (Continuotion Sh««t) 

COURSE CONTENT 



SUPPIAT MAIEDALS AHD GUIDUICB 

Student Inatructlotial H&terlalB 
KEP-GP-W, PrincipleB of OeclUmtionfl 

KEB-ST»VIt Solid State Hm Generctlng «nd Wcra Sh^ilng Clrc\iits 
KEP-110 

Audio Tj^uml Aids 

T7K 30-513, Characteristics of CrTStals 
TVK 30-536, Introduction to LC Oscmators 

Training Methods 

Discussion (4 hrs) and/or Progranned Self Instruction 
CTT Assl^mwnt (1 \at) 

Instructional Guidance 

Make specific objective aasignawnts to be conpLeted during CTT tine in KEP-GIW^* 
Stress the three requirements for suatalniEig osciUctiona ct a specific frequency 
and elaborate on the wthods of safcisfyiQg these regulraBents* 
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j PLAN OF INSTRUCTION/LESSON PLAN PART 1 


f , AMt OF (NSTRUCTOrt COURSK HTLC 

i SLdctronic I^rlnciples 


1 JLOC:< MUMOEr^ BLOCK T^TLE 

VI Solid State Wave Generating and Wave Shanimi Circuits 


j t COURSE CONTENT 


2 DURATION 


j 2. Solid State LC Oscillatoars (Module 43) 

j a* From a schematic diagram of any one of the following 

} oscillator clrcuitSi select the components that comprise the feed-^ 

; back loopi fjrequency determining device » forward bias network, and 

frequency adjustment* Series Hartley} Shunt Hartley} Colpittsi 
j Cl^pp^ Butler. GTS* 5f(l), 5f(3) Heast W 

i (l) Series Hartley 

1 

i (a) Identify the schematic diagram* 

(b) Purpose of each component 

(c) Ebqplain operation to include 

1 regenerative feedback path* 

2 regenerative feedback amplitude vers is 
location of the tap on the coil# 

^ frequency determining device* 

Ij „ tuning. 

(d) Identic phase shift requirements for feedback* 
(2) Shunt Hartley 

(a.) Identify the achematic diagram* 

(b) Purpose of each coinponent 

(c) Explain operation in terms of 

1 regenerative feedback path* 


8 

(6/2) 
(3) 


: SUPERVISOR APPROVAL OF LESSON PLAN (PART 11) 


SIGNATURE 


DATE 


SIGNATURE 


DATE 


























PLAN Of INSTRUCTION HO^ ' O^TE 

3AQE30020-1 20 November 1975 
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PLAN OF INSTRUCTIO^AESSON PLAN PART I (Coittlnuotlon $h««t) 



COURSE COHTGNT 



2 fl-equency determining device* 
^ feedback amplitude* 
h tuning. 

(d) Identify phase shift requiremante for feedback* 
(3 ) Colpitts 

(a) Identify the gchematic diagj*am* 

(b) Purpose of each component 

(c) Explain operation in terms of 

1 regenerative feedback path* 

2 regenerative feedback anjplitude* 
^ frequency 'determining device* 

tuning* 

reduced effect of transistor interelement capacitance* 

(d) Explain that phase shifting is unnecessary for regenerative 



feedback* 



feedback- 



(k) Clapp 

(a) Identify the schematic diagram* 

(b) Purpose of each component 

(c) Explain operation in terms of 

1 fl-equency determining device* 

2 tuning* 

(d) Explain that phase shifting is unnecessary for regenerative 

(5) Butler 

(a) Identify the schematic diagram* 

(b) Purpose of each component ^ 7 

(c) Explain operation in terms of 
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DATE 



Pace no. 
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COURSE CONTENT 



feedback* 



1 feedback path, 

2 frequency determining device ^ 

3 stability • 

(d) Explain that phase shifting is unnecessary for regenerative 



b. Given a list of statementSi select the s1>atement(s) which 
de3cribe(s) the effect of varying the output load on an LC tank 
circuit. CTSt 5f(l) Meast W 

(1) Explain the meaning of load and load resistance* 

(2) Explain the effect of varying load on 

(a) regenerative feedback* 

(b) circuit Q« 

(c) bandwidth* 

(d) frequency stability* 

c* Given a list of statements, select the statement(s) which 
describe(s) the purpose of a buffer amplifier* CTSt 5f(l) Meast 

(l) Interaction between the oscillator and load* 

d. Given a trainer, multimeter and oscilloscope, measure 
tne change in output amplitude and frequency for a given change 
in load at the output of an LC oscillator circuit within + 10 
percent accuracy* CTSt 2a, 5f(l) Meast PC " 

e. Given a trainer, multimeter and oscilloscope, measure 

the change in output amplitude and frequency between a maximum and 
miniinum load with a buffer amplil^er inserted between LC oscillator 
output and the load within + 10 percent accuracy* CTSt 2a, 5f(l) 

Measi PC 

SUPPORT MATERIALS AND GUIDANCE 

student Instructional Materials 
KEP-4}P-/,3, Solid State LC Oscillators 
f^EP-ST-VI 
KEP-110 

Audio Visual s Aids 

TVK 30-556, Oscillators, TSTR Hartley, Colpitts and BOC 



(•5) 



(•5) 



(1) 



(1) 



plak of jkstruction no. 



UQfl3Q02Q-l 



DATE „ 

20 November 1975 



^fC ^^"^ 133A ^"^^ K*tBler 6-0307 'REPLACES ATC FORMS 337A. MAfI 73. AKO 770A. AW 72. WHiCH WILL BC 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuorion SliMt) 



COURSE CONTENT 



Trainlru; Eoulpment 

Hartley Oscillator and B\iffer Amplifier Ttainer DD6097 (l) 
Oacllloscope (i) 
Multimeter (l ) 

Transistor Circuit Pt^wer Supply A649 (1) 
Training Methods 

Discussion (4 hrs) and/or Rrogrammed Self Instructir^n 
Performance (2 hrs ) 
CTT Assignments (2 hrs) 

Multiple Instructor Regni-rffniffri+g 

Safety, Equipment, S^ipervision (2) 
Instructional Guidance 

Asiign specific objectives to be covered during CTT time in KEP-GP-43 and KEP-ST 
VI. Emphasize the various components and the functions they perform in each 
of the five oscillator types* Insure that each student can identify the type of 
oscillator by employing this component function approach. Analyze the effects 
of oscillator loading and show methods of compensation. Introduce the laboratory 
exercise and briefly discus? special procedures and desired outcomes. 
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 




nam£ of instructor 












Electronic Principles 






BLOCK 1 ITLE 






VT 




Generatimr and Wave Shanine Cir 


cuits 


\ 


COURSE CONTENT 


2 DURATION 

(Hourm) 



Solid State RC OsciXLators (Modiile A4) 



a. From a schematic diagram of W one of the following 
oscillators, select the cocnponent(s) that comprise the feedback 
loop(s), frequency determining device, forward bias network, amplx- 
tude adjustment, and the fl'equency adjustment* Hiase Shifti Mien 
Drid^;e. CTSt 5f(2) Meast W 

(1) Fhaze Shift 

(a) Purpose of each component. 

(b) Explain operation in terms of 

1 regenerative feedback path* 

regenerative feedback amplitude* 
^ fl-equency deteCTtLning device. 
4 tuning* 

(c) Explain the need for a total phase shift of 180 
degrees through the RC network. 

(d) Explain the reaiilting amplitude changes through 
ich phase shift network. 

(2) Wien Bridge 

(a) Purpose of each component. 

(b) Explain operation in terms of 

1 regenerative feedback path* 



SUPERVISOR APPROVAL OF LESSON PLAN (PART II) 
1 — 



OAlh 



SIGNATURE 



PV,AN OF m$TRUCTlOM NO, 

3aQK10020^1 



OATS 

20 November 1975 



DaT€ 



PAGE MO. 

^ 



ATC 133 ATCK.«..r6-I02» «5f L*CES ATC FORMS 337. MAR 71, AND 770. AUG 72. *HICH WILL BE 

APR 75- U5l£-0, 
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PLAN OF IHSTRUCTION/LESSON PLAN PART I (CoMlnuoiiwi Sh««t) 



COURSE COMTENT 



2 regenerative feedback amplitude* 
^ 3.., degenerative feedback path, 

4 degenerative feedback amplitude* 

5 frequency detemdnlJag device* 

6 tuning* 

(c) Describe the phase shifts that result fran the series 
and parallel RC networks* 

(d) Show the effect of changing both capacitors or resistors 
on the operating ftequency* 

b* Given a trainer and oscilloscope measure and calculate the phase 
shift in degrees of each RC network of an EC oscillator within + 10 
percent accuracy* CTSi 2^^^ 5f (2) Heasi PC ^ 

(l) Review the use of the oscilloscope* 

SUFPOBT MATERIALS AND GUIQ/INCE 

Student Instructional Materials 
KEP-GIWtiv, Solid State RC Oscillators 
KEP-ST-VI 
KEP--110 

Audio Visual Aids 

7VK 30-517, Wein Bridge Oscillator (Transistorized) 
Training: EgxjdTXPent 

Phase Shift Oscillator Ttainer 5016 (1) 
Oscilloccope (l) 
iVKiltuneter (1) 

Transistor Power Supply 4^49 (l) 
Trainlnr: Methods 

Discussion O hrs) and/or Programmed Self Instruction 
Performance (l hr) 
CTT Assignment (1 hr) 

Multiple Instructor Requirements 
Safety, Equipmentt Supervision (2) 

Instructional Guidance 

Assign specific objectives to be covered during CTT time in KEP-GP-M* Use the 
same approach with the Phase shift and Wein bridge oscillators as recommended in 
module 43 objective a* VectoriaUy analyze phase shifting networks* 

Zl 
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COUR5E TITLE 

Electronic Principles 


9LOCK NUMBER 
VI 


BLOCK Tl TLE 

Solid State Waire Generating: and Wave Shaolne Circuits 



PLAN OF INSTRUCTION/LESSON PLAN PART I 



COURSE CONTENT 



4. Solid State Frequency Multipliers (Module 45) 

a. Given a schematic diagram of a fl-equency multiplier, (with 
component values given)arid the input firequency to the frequency 
multiplier, determine its output frequency and the factor by which 
its input frequency will be multiplied in the output. CTSt 5 ^{ ^ ) 
Measi W 



DURATION 



(3/1) 



(l) Explain operation to include 

(a) harmonic generation* 

(b) frequency selection* 

(c) buffer action* 
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these objective areae in KEB-GfW^5. Xntrodace this aodule vlth a discussion of 
haxinonlc generation. Show how these haxsonlcs are effectivoly used and point 
out the restzlctions. 
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COUf^iSE CONTENT 



5. Solid State Pulsed and Blockijog Oscillators (Module A6) 

a. Given a collector loaded pulsed oscillator schematic diagram 
vdth an input gate and a ^oup of waveforms, select the aatput. 
CTS: 5^(1) Meast W 

(1) Identify the schematic diagram of a collector-loaded 
piilsed' osciUatar. 

(2) Explain operation in terms of 

(a) flyi^heel effect. 

(b) gating on and off. 

(c) no regenerative feedback. 

(^) Relate the factors that, determine the 

(a) time allowed for oscillations. 

(b) frequency of oscillations. 

iU) Explain damping of the output in terms of 

(a) Q of the tank circuit. 

(b) load on the tank. 

: . ?rom a schematic diagram of a blocking oscillator, select 
cv':mponent{s) that primarily determine output signal pulse vddthj 
Lr.cL determine output signal pulse recurrence time; that determine 
L:MLn:;istor cutoff tiraej that provide forward bias for the transistor 
CTSi 5f^(2) Meast W 
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PLAN OF IHSTRUCTIOK/LESSON PLAN PART I (Continvorlon 



COURSE CONTENT 



(1) Explain the start of capacitor discharge. 

(2) Show relationship between the RC tijne constant and 
rest or cutoff time of the transistor. 

c- Given the schematic diagram of a blocking oscillator and (1-5) 
descriptive statements and waveforms, match the waveform to the 
statement, CTS: 5g(2) Heast W 

(1) Identify the waveforms at the 

(a) base. 

(b) collector. 

(c) output. 

(2) Select the waveform that represents 

(a) critical damping. 

(b) under damping. 

(c) over damping. 

d- Given a schematic diagram of a synchronized blocking oscillator (l) 
and a group of waveforms, select the ideal waveform that would be present 
in the feedback loop and in the output circuit. CTS: 5g(2) Heas: W 

I 

; (1) Explain the effect of triggering on PRT, FRF and frequency 

I stability- 

(2) Recognize the importance of sufficient trigger amplitude. 

; (;;) Explain the operation of synchronized blocking oscillators 

J 35 frequency dividers. 

6- Measurement and Critique (Part 1 of 2 parts) 1 

a. Measxirement test 

b- Test critique 

SUPPORT MATERIALS AND GUIDANCE 
Student Instructional Materials 

KKP-4}P-/f6, Solid State Pulsed and Blocking Oscillators 

Ki!;P-ST"VI 

P-110 o I- 
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Traininj^ Methods 

Discussion (6 hrs) and/ or Programmed Self Instruction 
CTT Assignments (2 hrs) 

; ln::;tructional Guidance 

iMa:<e CTT assignments in KEP-GP-/f6, and Student Text VI. 



In order to effective- 



ly cover objective a, it will be necessary to discuss static conditionSf input/ 
; output characteristics, and dynamic operation of the pulsed oscillator. The 
jrcnaining objectives deal with blocking oscillators. Stress waveshapes and how 
j thfiy arc changed by altering circuit parameters. Inform students that Part 1 of 
^ the :neasurement test covers modules h2 through Ut, 
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BLOCK TITLE 

Solid State Wav« Generatitif and Wave Shapdnff Circuits 



COURSE CONTENT 



V\ Solid State Multivibrators (Module 47) 

a. Given schematic diagrams of the following solid state 
multi^/lbrators, select the name and primary use of each astable; 
cacn monoctable; each bistable. CTSt 5i(l) Meast W 

(1) Astable 

(a) Identify schematic diagram. 

(b) Explain the purpose of each component. 

(c) Trace feedback path. 

(d) Explain operation in terms of 

1 regenerative feedback path* 

2 cutoff and satwation. 

(e) Given the schematic diagram of an astable 
r;uiti^vTLrator, identify the waveform at the base and collector of 
t^ach tonr.ictor. 

(2) Monostable 

(a) Identify the schematic diagram. 

(t) Explain the purpose of each component. 

(c) Explain operation in terms of 

1 stable condition. 

2 need for triggers. 
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PLAN OF INSTRUCT10HAESSON PLAN PART t (Continuotion Sh««t) 



COURSE COHTEHT 



3 regenerative feedback* 

(d) Given the schematic diagranii identify the translator 
that ±3 conducting in the stable condition* 

(e) Given the schematic diagram, identify the waveform 
at the base and collector of each transistor* 

(3 ) Bistable 

(a) Identify the schematic diagram* 

(b) Explain the purpose of each componenb* 

(c) Explain operation in terms of 

1 two stable conditions* 

2 need for triggers* 

3 regenerative feedback* 

(d) Given a schematic diagram, identify the waveform 
at the base and collector of each transistor* 



frequency* 



capacitors* 



(e) Conpare the output frequency to the input trigger 



(f ) Identify the location of high frequency compensation 



(g) Given a drawing of several cycles of a square or 
ructangular wave, identify 

1 rise time* 

2 fall time* 

3 pulse width* 
f rest tiine* 

Pulse Recurrence Ptequency* 
6 Pulse Becurrence Tijne* 

(h) Given a drawing of a square or rectangular wave| 
identify the transient interval* 

t* Given the schematic diagram of a mrtitivibrator and a list 
of statements, select the statement that describes the effects of 



(2.5) 
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PLAN OF IKSTRUCTION/LESSON PLAN PART I (Continuoiion Sh«#t) 



COURSE COHTCHT 



and pulse recurrence time# CTS* 5i(l) Measi W 

c. Given the scherantic diagram of a multivibrator and a list 
of statements, select the statement that describes the effects of 
triggering on circuit operation* CTSi 5i(l) Heasi W 

d# Given a trainer >dth a malfxmctioning raultiTibratar circxiit, (3) 
a schematic diagrain,maltiriieter, and .Q3clllo3cope« determine the 
faulty component two out of three times* CTSi 5itl^ Meast PC 

e. Given a schematic diagram of a Schmitt trigger and a list (1*5) 
of symptoms, identify the faulty component* CTSi 5ifii.) Meast W 

(1) Identify the schematic diagram* 



(2) Purpose of each component 
0) Explain operation in terms of 

(a) input and output waveforms* 

(b) regeiierative feedback circuit* 

(4) Identify high frequency compensating capacitor* 
SUPPORT MATE31IALS AND GUIDAMCE 



Student Instructional Materials 
KEP-GP-47, Solid State Multivibrators 
KEP-ST-VI 
KiiP-nO 

KEP-PT-47, Solid State Multivibrators 
A idio Visual Aids 

TVK JOeu, Monostable Multivibrator (Transistorized) 

lYalTLLnn Equipment 

Sweep Generator Ttainer 5932 fl) 

Transistor Power Supply 4649 (i) 

Oscilloscope (l) 

Multimeter (l) 

'Craininr Methods 

Discussion (6 hrs) and/or Progranmed Self Instruction 
Performance (3 hrs) 
err Assignments (3 hrs) 



Pt-Ah* or iNSTRUCTtON NO. 



3AQR30020-1 



DATE 

20 November 1975 



ERLC 



ATC 



^OWM ATrK*#^l^r C-03C- «^P*-*CeS ATC rO«MS MAR 7J* AND 770A. AUG 12, WHtCH ^tuL BE 



29 



a/ 



PLAN OF INSTRUCTION/LESSON PLAN PART I (Conllhuotion ShMt) 



COURSE CONTENT 



Multiple Ipfltructor Racnilremeitba 
Safety^ EquLpoantf Superrlaion {2} 

Inetructlonal Quidmce 

Haka specific objectivee aeelginiento to be completed during CTT tloe In KEFU[>B-47« 
The progranmed text should be recooaiendad to students who esqperience difficulty 
in this module* Each type of multlTlbrator is analysed in terms of conponeni 
coraposibiont circuit Tarlablee and output waveshapes* Due to the inherent slmiia^ 
iities of these nultlrlbratorst it is Important to maintain correct circuit to 



niultivibratorst recall the collector voltage levels at saturation (near OVJ and 
cutoff (Vnp)* Introduce the laboratory exerciaev and briefly discuss the procedures 
prior to adsignlng students to the trainers* 



characteristiCd asaociation* 
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COURSE TITLE 



Electronic Principles 
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Solid State WavB Generfttijiy and Wavft Shaijing CYcht^^s 



COURSE C0NT6NT 



Solid state Sawtooth Generators (Module AS) 

a. Given the schematic diagram of a sawtooth generator and a 
list of statementsi select the statement that describes the effects 
on output linearity when time constantS| applied voltag^i and input 
gate duration are changed. CTSt 5b{2)* 5i(2) Maast W 

(1) Unijunction Savrtooth Generator 

(a) Identify the schematic diagram* 

(b) Purpose of each component 

(c) Explain operation in terms of 

1 or>-off switch. 

2 10^ charge of capacitor. 

(d) Given a schematic diagrami identify the capacitor's 
charge path and discharge path* 

(e) Given a schematic diagram| idencify the waveforms 
at the emitter and base one. 



tunc . 



amolitude. 



(f ) Relate electrical length of sawtooth wavefcoro to 

(g) Relate physical length of sawtooth waveform to 

(h) Relate frequency stability to input triggers* 



(i) Explain why input triggers can be applied to the 
emitter circuit or base two circuit* 



DURATION 
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(3.5) 
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COURSE CONTENT 



(J) Explain the effects of triors on linearity* 
(k) fielate linearity to emitter source voltage. 
(2) Transistor Sawtooth Generator 

(a) Identify the schematic diagram* 

(b) Purpose of each component 

(c) Explain operation in terms of 

1 gating on and off* 

2 10^ charge of capacitor* 

Relate rise time to the duration of the input gate* 

(e) Belate sawtooth linearity to R and C* 

Given a train©: having a semiconductor sawtooth generator circuity 
multimeter^ and oscilloscope^ measure the output amplitude and rise time 
vathin + 10 percent accioracy* CTSt 5i(2) Meast PC 

(1) Review the use of the oscilloscope and multimeter* 

c* Given a trainer with a malfunctioning sawtooth generator circuit, 
a schematic diagram^ multimeter, and oscilloscope, determine the faulty 
component two out of three times* CTSt 5i(2) Meast PC 

SUPPORT MATERIALS AND GUILAMIE 

Student Instructional Materials 
KEP-GP-^S^ Solid State Sawtooth Generators 
KEP-ST-VI 
KEP-110 

Audio Visual Aids 

TVK 3(^-817, Unijunction Sawtooth Generator 

Traininn Equipment 

Sweep Generator Trainer 5932 (1) 

Oscilloscope (l ) 

Multimeter (1) 

IVansistor Power Supply 4649 (1) 
TraininjT Methods 

Discussion (3*5 hrs) and/or Rrogransned Self Instruction 
Performance (2,5 hrs) 

CTT Assignments (2 hrs) ^ 
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Multiple Instructor Requirements 
Safet/i Equipmerrti Supervision (2) 

Instructional Guidance 

Give students specific objectives to caver during CTt time in KEP-GP--i|S# Analyze 
a savrt^ooth waveshape ftom the standpoint of amplitudei duration and linearity* 
Show the relationship of these wave characteristics to the various components 
and overall operation of the sawtooth generator circuit* Introduce the two 
laboratory exercises* Stress safetyi adherence to lnstructians| and logical 
troubleshooting techniques* 
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1 COURSE CONTENT 


2 DURATION 

{Moue*} 



9. Solid State Trapezoidal Generators (Module 49) 

a. Given the schematic diagram of a trapezoidal wave generator 
and a list of iatements, select the statement that describes the 
effects on output linearity when time constants, applied voltage, 
and input gate duration are changed. CTS: 5i(3) Meast W 

(1) Identify the schematic diagram* 

(2) Purpose of each component 

(3) Given a trapezoidal waveform, identify the 

(a) Jump voltage* 

(b) slope (rise tijne) voltage* 

(c) fall time voltage* 

(4) Describe the effects on linearity and Jump voltage 
when resistor values are changed. 

b. Given a trainer having a semiconductor trapezoidal wave 
Generator circuit, multUneter, and oscilloscope, measure the output 
amplitude, rise tline, and Jump voltage within +10 percent accuracy. 
CTS : 5i(3) Meas: PC 

c. Given a trainer with a malfunctioning trapezoidal wave 
nenerator circuit, a schematic diagram, multijneter, and oscilloscope 
determine the faulty component two out of three tijnes. CTSt 5i(^,) 
Meas I PC 
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SUPPORT HAmiALS AND GUIDANCE 

Student Inatructional Materials 

KEP-GP-^9, Solid State Trapesoidal G^ceratora 

KEP-ST^VI 

KEP^llO 

Solid Staie Trapezoidal Generators 

Training EQuiuttant 

Sweep Generator Trainer 5932 (l) 

Oscilloacope (l) 

Transistor Poim* Supply U6U9 (l) 
Multimeter (l) 

Training Methods 

Discussion (4 hrs) and/or Programmed Self Instaniction 

Performance (1 far) 

CTT Assignments (2 hrs) 

Multiple Instructor Begulrements 
Safety, Equipment, Supervisi<m ^2) 

Instructional Guidance 

Assign specific objectives to be cowed durliig CTT time in KEP«GP-^9* Recall the 
jwavefom analysis discussed in module Ad, and shoir how it is related to the 
jtrapezoidal wave* Analyze the circuit operation and discuss the effects that 

certain components have on the output* Introduce and briefly discuss the two 
j laboratory exercises to be perform ed * 

i 

! 
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COURSE TITLE 
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Solid State Wave Generatijng and Wave Shapijog Circuits 



COURSE CONTENT 



10. Solid State Lijnitera aaid Clampers (Module 50) 

Given the input waveform to the following aolid state diode 
limiters and a group of output waveforms, select the waveform that 
would be preaent at the output of the named diode limitert Series 
positive; Seriea negative; Shunt negative with bias| Shunt positive 
with bias* CTSt 5e Meast W 

(1) Porpoae of a liraiter 

(2) Seriea positive 

(a) Identify the schematic diagram, 

(b) Explain operation in terms of a voltage divider. 

(c) Given an input aignal and schematic diagram, 
identify the output waveform. 

(3) Series negative 

(a) Identiftr the schematic diagram. 

(b) Explain operation in terms of a voltage divider* 

(cj Given an input signal and schematic diagram, 
identify the output waveform, 

[U) Shunt limiters (positive and negative) 

(aj Identify the schematic diagram, 

(b) Explain operation in terms of a voltage divider, 

(cj Given an input signal and a schematic diagram, 
identify the output waveform. 
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COURSE CONTENT 



(5) Biased Shunt limiters (positive and negative) 

(a) Identify the schematic diagram* 

(b) Explain operation in terms of a voltage divider* 

(c) Given an input signal amplitudei the schematic diagram, 
and the amount and polarity of biasf identify the output si^pial* 

(d) Identify the schematic diagram of a double diode limiter* 

b# Given schematic diagrams of biased diode shunt limiters and a 
list of statements,, select the statement that describes the effect 
on limiting when bias is changed* CTSt 5e Meast W 

c# Given the input waveform to a zener diode limiter, a specified 
breakdown voltage, and a group of output waveformSi select the wave- 
form that would be present at the output* CTSt 5b(7) , 5e Meast W 

(l) Explain the relationship between breakdown voltage and 
limiting* 

d# Given the schematic diagram of a transistor limiter and a 
list of statements, select the statement that describes the effect 
on limiting when bias is changed* CTSt 5e Meast W 

(1) Explain operation in terms of 

(a) operating point* 

(b) input amplitude* 

(c) saturation and/or cutoff* 

(2) Relate collector voltage levels to saturation and 
cutoff lijniting* 

e* Given the input waveform to the following solid state diode 
clampers and a group of output waveforms, select the waveform that 
Would be present at the output of the named diode clamper t Negative 
with bias; Positive with bias* CTSt 5e Meast W 

(1) Negative with bias and positive with bias 

(a) Purpose of clamper 

(b) Identify the schematic diagram* 

(c) Explain operation in terms of 

1 input and output signal references* 

2 - — " 
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(1) 



(2) 
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f* Given a trainer having components for a diode limiter, (.5) 
connect the components as a series positive and/ or negative 
lijniter. CTSt 5e Meast PC 

Given a trainer having components for a diode Ixmiter, an- (.5) 
oscilloscope and a multimeter, connect the co!iQ)onents as a shunt 
limiter with bias and determine the effects of limiting when bias 
is chan^^ed, CTSt 5e Meast PC 

h. Given a trainer having components for a diode clamper, (.5) 
an oscilloscope and a multimeter, connect the components as a 
negative or positive clamper with bias and determine the effects 
on the voltage reference of the clamper output vrhen bias is 
changed. CTS* Meast PC 

11. Related Training (identified in course chart) 2 

12. Measurement and Critique (Part 2 of 2 parts) 1 

a. Measurement test 

b. Test critique 

SUPPORT MATERIALS AND GUIDANCE 

^jtudcnt Instructional Materials 

hi^P-GP-SOf Solid State Limiters and Clampers 

KEP-ST-VI 

KEP-110 

Audio Visual Aids 

TVT< 30-504, Triode Limiters 

TVK iO->05| Duo-Diode Limiter (TSTR) 

'rraininr ijlQuiijfnent 

Limiters and Clampers Trainer 5925 (l) 
Oscilloscope (1) 
t^ultimeter (i) 



Training Methods 

Dicc^ossion (7.5 hrs) ai;d/or Programmed Self Instruction 
Performance (1.5 hrs) 
CTT Assignments (2 hrs) 



Multiple Instructor Requirements 
Safety, Equipment, Supervision (2) 
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COURSE CONTENT 



Instructional Guidance 

Make specific objective assignments to be completed during CTT time in KEP-GF-50# 
Diccuss the basic principles and functions of limiting circuits* Insure that 
each student can identify the type of limitert bias consideration and its effect 
on the input waveshape* use the same approach for clamping circuits* Have the 
class briefly scan through the laboratory exercises > discuss aixy special 
techniques and assign students to lab positions* Inform students that Part 2 
of the measurement test covers modules 47 through 50* 
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Electronic Principles Department 
Keealer Air Force B^se, MiBSiSBippi 

Electronic Principles 
Block VI 

SOLID STATE WAVE GENERATING AND WAVE SHAPING aRCUITS 

This Student Text ts the prime source of Information for achieving the objectives of this 
block. This publication Is designed for training purposes only and should not be used as a basis 
for Job performance In the field, 
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Chapter 1 

paiNaPLES OF WAVE GENEHATION 



1-1. Wave generators play a prominent role 
in the field of electronics. They generate 
signals from ^ few hertz to several giga- 
hertz Modern wave generators use many 
different circuits capable of generating such 
outputs as sinusiodali square* rectangular^ 
sawtaothi or trapezoidal waveshapes. 

1-2. One type of wave generator Is called an 
oscillator. An oscillator is generally free- 
running and can be regarded as an amplifier 
which provides Its ownsignalinput. The study 
of oscUlatorSi thereforei naturally follows a 
study of amplifiers. In this chapter, we 
classify oscillators as to waveshape and 
establish requirements for continuous oscil- 
lation. The most common types of wave 
generators and their output waveforms are 
discus sed. 

1-3. Gassification 

1-4. \Vave generators can be classified^ 
according to their output waveshapes^ into 
two broad Categories: sinusoidal and non- 
sinusotdal oscillators. 

1"5. A sinusoidal oscillator produces a sine- 
wave output signal. Ideally^ the output is a 
pure sine wave of constant peak amplitude with 
no varlaticiiinfrequency. Actually, something 
less than this is obtainable. The degree to 
which the ideal is approached depends upon 
such related factors as class of operationi 
transistor characteristic S| frequency sta- 
bility, and amplitude stability. 



(LC types) are commonly used at radio 
frequencies; they are not popular for 
extremely low-frequency generation, because 
the Inductors and capacitors become large, 
heavy, and costly. 

1-6. A third type sinusiodal oscillator is the 
crystal -controlled oscillator. The crystal- 
controlled oscillator provides excellent fre* 
quency stability, and is used from the middle 
of the audio through the radio-frequency 
range. 

1-9. Nonsinusiodal oscillators generate com- 
plex waveforms such as square, rectangular, 
trigger^ or sawtooth. Because their outputs 
are generally characterized by a sudden 
change, or relaxation, the name ''relaxation 
oscillator" is often applied to them. The signal 
frequency of these oscillators is usually gov- 
erned by the charge and discharge of a 
capacitor in series with a resistor. Some 
types, however, contain inductors that affect 
the output frequency. Thus, like sinusoidal 
oscillators, both RC and LC arrangements 
are used for frequency determination, Within 
this category are multivibrators, blocking and 
pulsed oscillators, and sawtooth and 
trapezoidal generators. 

t-tO. A triggered or gated signal generator 
is essentially one of the sinusoidal or non- 
sinusoidal types which is biased so that it 
generates a signal only when a trigger or 
gate is applied from an external source. 



1-6. Sine wave generators canproduce signals 
ranging from a low audio frequency to very 
high radio and microwave frequencies. Many 
low-frequency types use resistors and capaci- 
tors to form thelrfrequency determining net- 
work and are, therefore, referred to as RC 
oscillators. They find wide application in the 
audio-frequency range. 

1-7. Another type of sine wave generator 
uses inductors and capacitors for frequency 
determining networks; these are the LC type 
oscillators. Oscillators using tank circuits 



1-11. Requirements 

N12. Now, we will discuss briefly the con- 
ditions required for oscillations and some 
desirable performance characteristics. What 
characteristics are most important ?How can 
these characteristics be improved? Why 
choose one type over another for a parti-* 
cular Job ? We need to consider these questions 
before starting into the oscillator circuitry. 
The basic requirements for sustained oscil- 
{ ' \o IS are AMPLIFICATION, FtSEDBACK^and 
a FREQUENCY DETERMINING DEVICE. 
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Figure l-l. Basic Oscillator Block Diagram 

1-^13. An oscillator can be thought of sls an 
amplifier that provides itself v^lth a signal 
Input. By definition^ an oscillator is a device 
that converts DC power to AC power at a 
predetermined freqqency. The primary pur- 
pose of an oacillatori then» la to generate 
a given waveform at a constant peak ampli- 
tude and specific frequency and to maintain 
this waveform within certain limits. 

1-14. Like an amplifier, an oscillator needs 
a power source for amplification* Since 
amplification of signal power occurs from 
Input to output, It follows that a portion of 
the output can be fed teick for use as the 
input, as shown in figure l-l. Adequate 
power must be fed back to the input circuit 
for the oscillator to drive Itself and be a 
signal generator. Not only muat tlie feedback 
signal be strong enough but, to be self- 
driven> the feedback signal must be regener- 
ative. With a regenerative signal, which has 
enough power to overcome the circuit losses, 
oscillations can be sustained. 

1*15. A practical signal generator must 
oscillate at a predetermined frequency, so a 
frequency determining network is required* 
This is a form of filter which passes only 
the desired signal. With no frequency- deter- 
mining netwoili or device, the stage will 
oscillate in a random manner and the output 
frequency cannot be predicted. 

1*18. From what has been said, we can 
review the requirements for u oscillator: 
first, amplification is required toprovlde the 
necessary gain for the signal; amplification 
Implies a power source. Second^ sufficient 
regenerative feedback is required to main- 
tain a predetermined frequency. 

1-17. Depending upon the application, 
requirements in addition to the basic ones 
may determine the type of oscillator chosen 
for use. Modification of associated circuitry 
may be necessary toachleve the performance 
required. Let's consider some factors that 



account for the complexity and diversity of 
oscillators. 

1-18. Virtually every piece of equipment 
that uses an oscillator has two stability 
requirements: amplitude stability and fre- 
quency stability. Amplitude stability refers 
to the ability of the oscillator to maintain a 
constant amplitude output waveform. The less 
deviation from a predetermined amplitude, 
the better the amplitude stability. Frequency 
stability refers to the ability of the oscil- 
lator to maintain its operating frequency. 
The less the oscillator drifts from its oper- 
ating frequency, the better the frequency 
stability. The degree to which these require- 
ments must be met depends on the demands 
of the equipment. 

1-19. To achieve a constant frequency and 
amplitude, extreme care must be talcen to 
prevent variations in load^ bias, and com* 
ponent characteristics. Load variations can 
have a maited effect on the stability of an 
oscillator's output. K is necessary, there- 
fore, to minimize load changes. 

1-20. Bias variations affect the operating 
point; this will alter the amplification and 
other circuit constants. A well-regulated 
power supply and bias stabilizing circuitry 
are required to insure a constant, uniform 
signal output. 

1*21. Signal irregularltiescanalsobe caused 
b^ components which change in value or ctiar- 
acterlstics, as a result of environmental 
conditions. 

1-22. Output power is another requirement 
that is dictated l^y the application* Generally 
speaking, high power is obtained at some 
sacrifice in stability. When both require* 
ments are to be met, a low-power, stable 
osdllater can be followed by a high power 
'^buffer" amplifier. The buffer provides 
isolation to prevent changes in load from 
affecting the oscillator. 

1-23. If the oscillator stage must develop 
high output power, efficiency becomes im- 
portant. Many oscillators are operatedCIass 
C to increase efficiency. Some types of 
oscillators cannot be operated Class C. 
Therefore, not all oscillators are suited for 
applications that require high power. 
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1-24. The frequency of the wanted filenal also 
imposes certain requirements. If the fre- 
quency is high, a traii^istor must be selected 
that haslowinterelement capacitance. J^ecial 
circuits malce use ofthelnterelement capaci- 
tances to obtain the deslredfrequency output 

1-25. Sine Wave Generators 

1^*26. We mentioned that HC networks, LC 
tanks, and crystals may appear In sine wave 
oscillator circuits. An ordinary amplliier 
can be made into a sine wave oscillator 
by providing regenerative feedback through 
an RC netwoiic Figure 1-2A shows an ampll* 
fier with an RC network which provides both 
the regenerative feedback suid the frequency 
determining device. Figure i'-2B shows a 
vector analysis of the signal at various points 
in the circuit. 

1-27. Assume that the amplifier is a common 
emitter configuration, so the signal on the 
collector (A) is 180^ out of phase with the 
signal on the tratse (D). To have regenerative 
feedback, the HC network must provide a 
180^ phase shift of the collector signal. When 
power is applied to the circuit, a noise volt- 
age {noise contains many different frequen- 
cies) will appear on the collector. Vector A 
(figure 1-2B) represents the oscillator signal 
on the collector. As the signal couples through 
CI and across Rl, a phase shift occura* The 
voltage across Rl (E^ ), representedby vector 
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B, has been shifted in phase (about 60^) and 
reduced In amjpklltude. The signal at point B 
is then coupled to the next RC section (R2 
and C2). By using the same size resistorand 
capacitor as before, another phase shift takes 
place. The signal at point C is the voltage 
across R2, represented by vector C. Nawthe 
signal at point C has been shifted about 120^ 
and its amplitude is reducedstill further. The 
same actions occur for the last section (B3 
and C3). This signal experiences another 
phase shift, with furtheramplltude reduction. 
The signal at point D (Ejq) has been shifted 
180^ and is represented by vector D. You can 
see that a high gain amplUier must be used 
to provide adequate feedback power. 

1-28. Notice that point D Is the input to the 
base of the common emitter amplifier. Also, 
vector D shows that the signal on the base 
is regenerative or aiding the circuit oper* 
atioa This is the regenerative feedback 
requirement. The 180^ phase shift occurs 
only at one frequency. Exactly 60' shift per 
stage is not required, but the sum of the 
three phase shifts MUST equal 180^ 

1-29. For a given RC network, only ONEfre* 
quency will be shifted exactly 180*. In other 
words, tiie network is frequency selective. 
You can appreciate this if you consider the 
fact that the lengths of vectors and their 
phase relatLaiships depend on frequency 

(y^ - p j )' Therefore, the RCnetwoiic 

is the frequency-determining device, since 
this vector construction Is true for a single 
sine-wave signal. The frequency of oscil- 
lations is govemedt^thevaluesof resistance 
and capacitance in these sections. Variable 
resistors and capacitors may be used to 
provide tuning in the feedback network* For 
a sine wave output, the amplifier is biased 
for Class A operation. 



B 



Figure 1-2, Vector Diagram of RC Oscillator 



1-30. Some sine wave generators use reso* 
nant circuits (LC). You alreacfy know how 
a resonant circuit stores energy alternately 
in the inductor and capacitor; this produces 
an output which is a sine wave. You studied 
this action, known as tae '^fly-wheel effect," 
in parallel resor«ant circuits. 
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Figure 1-3. Flywheel Effect 

1-31. Refer to figure 1-3, 1 through and 
follow explanation to review the flywheel 
effect. Each numbered section has a circuit, 
and the resulting waveform represents the 
flywheel action. 

1-32. With the switch in position A, figure 
1-3-1, the capacitor charges quickly to the 
voltage of the battery. When the switch is 
placed in position B, the charged capacitor 
(which acts as a voltage source) begins to 
discharge through the inductance (which acts 
as a load). The current flows through the 
coil (as the capacitor discharges) and builds 
up a magnetic field around the coil, figure 
1-3-2. In this way, the energy stored in the 
dielectric is converted into energy stored 
in the magnetic field. The arrows indicate 
the direction oi electron flow and the motion 
of the mimetic field. When the number of 
electrons on both plates of the capacitor is 
equal, the capacitor is discharged. It is no 
longer a voltage source for current flow, 
figure 1-3-1. The broken lines tracing 
through the waveform represent the devel- 
opment of the oscillation, 

1-33, W:ien the c:ipacitc»i' is discharged, there 
Is no force to maintain current flow and 
sustain the magnetic xieia. 6o, the magnetic 



field collapses, inducing a voltage which 
causes current to continue flowing in the 
same direction, charging the capacitor with 
the polarity shown, figure 1-3-4. Current 
continues until the magnetic field is com- 
pletely collapsed and the capacitor is charged, 
figure 1-3-5. The output voltage of the tank 
circuit has a polarity which is now positive. 

1-34. The capacitor begins to discharge 
again through the coil, figure 1-3-6, This 
time, however, the direction of the current 
flow is reversed, as indicated by the arrow. 
Again, the magnetic field expands as the 
capacitor discharges, decreasing the output 
voltage. This continues until the capacitor 
discharges, figure 1-3-7. At that instant, 
the magnetic field starts to collapse causing 
current to continue to flow in the same direc- 
tion, charging the capacitor as shown in 
figure 1-3-8. When the capacitor is charged, 
the conditions in the tank circuit have returned 
to those that existed at the instant the 
switch was placed in position B. The entire 
process continues at a rate determined by the 
values of L and c. The output waveshape, 
figure l**3-d, taken across the tank circuit 
is a sine wave which occurs as the inductor 
and the capacitor alternately store and 
release energy in their respective fields. 

1-35. If there were no internal resistances 
in a tank circuit, oscillations would continue 
indefinitely (figure 1-4A), Each resonant 
circuit, however, contains some resistance 
which dissipates power. This power loss 
cacses the amplitude to decrease as shown 
in figure 1-4 (B & C). The reduction of 
oscillation amplitude in an oscillator circuit 
is defined as "damping". Damping is caused 
by tank and load resistances. The larger the 
tank resistance, the greater the amount of 
damping. Loading the tank causes the same 
effect as increasing the ta±»k's internal 
resistance. The efiect of tank damping in 
oscillators is overcome by applying regen- 
erative feedback. 

1-36. Figure 1-5 shows a block diagram for 
a typical LC oscillator. Observe the basic 
requirements for sustained oscillations: 
amplification, frequency determining device 
arid regenerative feedback. 
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Figure 1*4, Effects of Damping 



1*37, The amplifier supplies energy to begin 
the flywheel effect; the LC network provides 
Initial oscillations, with Its output returned 
to the amplifier throitgh the regenerative 
feedback network to sustain oscillations. 
If the tank circuit has a high Q, the ampli- 
fier can be operated Class C. The LC com* 
ponents generate an output waveform that 
varies at a sinusoidal rate. 

1-38, When a tank circuit Is used to develop 
oscillations, the output frequencyoftheoscll* 
lator is primarily the resonant frequency of 
the tank circuit, and can be found by the 



formula: 



ItJTlc 



This formula is 



' Fr»qu«ncy 

I M^.^^Lf I 



r««dbaclc 



Output 



Amplifier 



Figure 1-5. LC Oscillator Block Diagram 



valid for tank circuits, used in oscillators^ 
which have a Q greater than 10. 

1-39. Another frequency determining device 
(FDD) is the crystal. The crystal may be 
used with a tank circuit, or it may perform 
alone. 

1-40. Crystals exhibit a characteristic 
known as the "piezoelectric effect." The 
piezoelectric effect Is the property of a 
crystal by which mechanical forces produce 
electrical charges, and conversely^ elec- 
trical charges produce mechanical forces* 
This is a form of oscillation, like the fly- 
wheel effect of a tank circuit. 

1-41. The piezoelectric effect is exhibited 
by a number of crystal substances* The 
most important of these is quartz* Although 
quartz exhibits the piezoelectric effect to a 
lesser degree than Rochelle salt, quartz Is 
itsed for frequency control In oscillators 
because of Its greater mechanical strength. 
Tourmaline is similar to quartz as it has 
high strength but it is more expensive. In 
this discussion, we will deal only with the 
quartz crystal. 

1-42. The crystals used in oscillator circuits 
are thin sheets or wafers cut from natural 
or synthetic crystal and ground to a specific 
thickness to obtain the desired resonant 
frequency. 
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Figure I-61 Crystal Holder 



1-43, Crystals are tnountedlnholders, which 
support them physically and provide 
electrodes by which voltage is applied. The 
holder must allow the crystal freedom for 
vibration. There are many different types of 
holders. One type is shown in figure 1*6, 

1-44, The frequency for which a crystal is 
ground is called the "natural resonant fre* 
quency'^ of the crystal. Voltage applied to 
the crystal produces mechanical vibrations 
whichf In tum» produce a terminal voltage 
of the crystal's resonant frequency. The elec- 
trical circuit associated with a vibrating 
crystal can be represented by an equivalent 
circuit composed of capacitance^ inductance, 
and resistance, 

1-45, Figure 1-7A illustrates thesymbolof a 
crystal* Figure 1-7B shows an equivalent 
circuit for the crystal^ and figure 1-7C 



shows an equivalent circuit for the crystal^ 
and the holder, CI represents the capacl* 
tance between the metal plates of the holder. 

1-46, Electrical circuits involving crystals 
can be analyzed by replacing the crystal 
with Its equivalent network and then deter- 
mining the behavior of the resulting cir* 
cult. This does NOT mean, however, that 
a coil and a capacitor can be substituted 
for the crystal to give the sam^ electrical 
characteristics, 

1-47, The Q of a crystal Is many times 
greater than that of an LC tank circuit. The 
high Q is present because the resistance 
In the crystal is extremely small. 
Commercially- produced crystals range in 
Q from 5,000 to 30,000 indicating the reac- 
tance Is five thousand to thirtythousand times 
the resistance. The high Q causes the 




Figure 1-7, Ci^ystal Symbols and Equivalent Circuits 



49 



V 



V/ 



I 





' SI 











Figure 1-8. Square Waves 



resonant circuit frequency stability to be 
much greater than that of an ordinary LC 
tank circuit. This is an impoiiant reason 
why a Crystal is used in many sine w^ve 
generator circuits. 

1-48, Square and Rectangular Wave 
Generators, 

1-49. Nonsinusoidal wave generators 
(square, rectangular, sawtooth^ and trape- 
zoidal) use the principle of an oii-off switch. 
As illustrated in figure 1-8, a square w*\ve 
can be produced by connecting a resistance 
to a voltage source through a switch, 

1-50, With the switch open, there is zero 
volts across Rl. When the switch is closed, 
the voltage of the battery is applied across 
the resistor. If the switch is opened and 
closed for equal lengths of tiine, the output 
voltage will be a series of square waves. 
If the lengths of time are unequal the output 
will be a rectangular wave; see figure 1-9, 
The square or rectangular wave repre- 
sents the two extremes to be reached. The 
switch allows current to flow easily for one 
time period; then it prevents current froro 
flowing during the other time period. 
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1-51, The square wave contains a funda- 
mental frequency and an infinite number of 
odd haniionics which have specific ampli- 
tude and phase relationships. The rectangu- 
lar wave contains a fundamental and specific 
h^irmonically- related frequencies, deter- 
mined by the time of each alternation. 

1-52, Since nonsinusoidal waves contain 
many frequencies, the circuit generating 
these waves must have wide- band char- 
acteristics. That is, the frequency response 
of the generator and its associated circuitry 
must be sufficient to pass all the frequencies 
of the waveform without distortion. 

1-53. Because a fundamental and harmonics 
are to be generated, there must be a non- 
linear device. The nonlinear device is a 
transistor operated in the saturation and 
cutoff regions. Further, to sustain the circuit 
operation, regenerative feedback is required 
with amplitude large enough to sustain 
oscillations, 

1-59. The frequency-determiningdevicewill 
be internal to the circuit Ifitisfree-rtinning, 
or external if a trigger or pulse is used to 
control frequency. Internal frequency control 
commonly uses time constant arrangements. 

1-55, A basic block diagram of a square or 
rectangular wave generator is shown in figure 
1-10. The block diagram is like that of a sine 
wave generator. The operation differs 
because of the amplitude of feedback. With 
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Figure 1-9, Rectangular Waves 



Figure 1-10. Square or Rectangxilar Wave 
Generator 
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Figure 1-11. Nooslnusoldal Wave Generator 
Switching Method 

FNP comnion base configuration amplUlers^ 
as the output goes positive, a large regen* 
eratlve feedback signal drives the ainpUller 
Into cutoff. The circuit stays In this con* 
dltion until C charges to the output voltage. 
Then^ the circuit reverts to the opposite 
condition, saturation* The BC network con- 
trols the time that the circuit Is cut off. 
The output waveform Ifl square if the time 
for cutoff and saturation is the same. The 
output wave la rectangular if the cutoff and 
saturation times are unequal* 

1-56, One prlroiry consideration of asquare 
or rectangular wave generator Is the 
switching action. Figure 1*11 Illustrates a 
transistor load line and the two extremes 
oi the circuity cutoff and saturation. For 
switching action to occur, the transistor 
must go from cutoff to saturation (or vice 
versa) In a minimum amount of time. U the 
transistor could go from one extreme to the 
other in 2iero tlme» the sides of the wave 
would be exactly perpendicular to a reference 
line; one requirement for a perfect square or 
rectangular wave. This is not possible. The 



closer the transistor circuit approaches 
this condition, the better the waveshape, 

1-57* Another nonsinusoldal wave Is called 
a '^sawtooth" waveform, figure 1-12. A 
sawtooth wave can be described as a linear 
Increase In voltage with respect to time 
(TO to Tl) and a rapid decay of voltage 
(Tl to T2). 

1-S8* Possibly the best way to illustrate 
the need for a sawtooth wave 13 in an oscll* 
loscope. The horizontal deflection of the 
beam Is directly related to the voltage 
applied to the horizontal deflection plates. 
Therefore, to obtain a linear display on 
the oscilloscope, a linear voltage must be 
applied to the deflection plates. 

I-Sd. The generation of a sawtooth w^ve 
uses on*o£t switching action, plus a char* 
acteristic of a capacitor. To illustrate the 
c apacltor characteristic , refer to figure 
1*13. Bevlew the Universal Time Constant 
Chart which shows the relationship between 
the percentage of full charge and the time 
for charge. Sawtooth wave generators use 
the first 10 percent of full charge of a 
capacitor (lower left-'hand comer of the 
chart). This first 10 percent of charge 
occurs in one*tenth of one time constant 
and gives the greatest amplitude change in 
the given time period. For example, during 
the second tenth of a time constant (between 
pne*tenth and two*tenths TC)» the amplitude 
change Is 8 percent. As we progress further 
along the curve, the amplitude change 
becomes less for each time increment. 




Figure 1-12* Sawtooth Waves 
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Figure 1-13* Universal Exponential Curves 
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Figure 1-14. Sawtooth Generator Eciuivalent 
Circuit 
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Figure 1-15* Trapezoidal *Vave 



1-60. Since a sawtooth wave generator nor- 
mally uses only the first 10 percent of the 
capacitor's charge, when the wave reaches 
the 10 percent point the voltage ia returned 
to zero* Refer to the simplified circuit shown 
in figure 1-14* With SI closed, the capacitor 
is shorted out, and output voltage is zero* 
When SI is opened, C starts charging through 
H toward the applied voltage^ Since the output 
is taken across the capacitor, the voltage 
rises from zero volts as the capacitor 
charges. As soon as the capacitor has charged 
to 10 percent of the voltage applied, SI is 
closed- The capacitor immediately dis- 
charges, and the output voltage returns to 
zero* Then the switch opens again, and the 
process repeats* 

1-61* Most circuits use a transistor as the 
switch. When the transistor is biased near 
saturation, the voltage across the capacitor 
is nearly zero* When an applied gate cuts off 
the transistor, the capacitor starts charging 
toward V^p* After 10 percent of the charge, 
the gate ends; this places forward bias on the 
transistor so the capacitor discharges, 
causing the voltage across the capacitor to 
drop rapidly toward zero* 

1-62- A ''trapezoidal" wave looks like 
a sawtooth wave on top of a square 
or rectangular wave (figure 1-15)* 



1-9 




Figure 1-16. Trapezoidal Wave Generator Equivalent Circuit 



1-63. The leading edge of a trapezoidal wave 
is called the "jump" voltage. The next portion 
is the linear rise of "slope." The trailing 
edge is called the ''fall" or "decay". A 
trapezoidal wave is used tofurnishdeflection 
current in the electromagnetic cathode ray 
tubes and is found in television and radar 
display systems. Electromagnetic CRTs use 
coils for the deflection system, and a linear 
rise in current is required. The square or 
rectangular wave portion provides the Jump 
voltage for a linear rise in current through 
the resistance. 

1-64. A simplified circuit of a trapezoidal 
wave generator is shown in figure 1-16. 

1-65. Components Rl, and CI connect 
from a power source to ground. One side 
of switch SI is connected between Rl and 
R2, and the other side is connected to ground. 
To illustrate the operation, assume the fol* 
lowing: E applied is 100 volts, Rl is 99 k 
ohms. With the switch closed at time TO, the 
output voltage is zero volts. At time Tl, 
the switch is opened. At the first instant the 



capacitor acts as a short, so the circuit 
consists of a 99 k ohm resistor in series with 
a 1 1c ohm resistor, and the voltage across 
R2 (the output voltage) immediately goes to 
plus 1 volt. This is how the jump voltage is 
derived. 

1-66. The capacitor now begins to. charge 
toward the applied voltage of 100 volts. To 
keep the sweep as linear as possible and 
get maximum change in voltage in minimum 
time, we use only the first lo percent of 
full charge. Thus, the capacitor is allowed 
to charge from time Tl to T2, the capacitor 
has charged 10 volts; 90 volts across the 
two resistors drop the voltage across R2 
to .9 volts. So, the output voltage at T2 
is 10.9 volts. At time T2, the switch is 
again closed; the output goes to zero volts 
and the capacitor discharges through the 
Switch and R2. 

1*67. Sawtooth and trapezoidal wave gen* 
erators are commonly called "time base" 
generators because the outputs are used to 
generate sweeps which are linear with 
respect to time. 
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Chapter 2 



SINE-WAVE OSClLLATOHiS 



2-L As an electronics technician, you will 
spend many hours troubleshooting and 
repairing oscillator circuits. Oscillators are 
important circuits in communication systems, 
navigational aids, radar, and test equipment. 
The oscillator must generate a signal at a 
constant amplitude andfrequency if the equip- 
ment is to .ftjnction properly. This chapter 
covers the various types of sine-wave 
oscillators. 

2*2. Have you ever been in an auditorium 
when the public address system developed 
a shrill whistle? This whistle is heard 
because the public address system becomes 
an oscillator. To understand how this whistle 
occurs, we will analyze a public address 
system. The system contains an amplifier, 
a microphone, and a loudspeaker as shown 
in Figure 2-1. 

2-3. The whistle starts with a small noise 
picked up by the microphone. The noise is 
amplified by the amplifier and then sent to 
the speaker. With the microphone in the path 
of the speaker, the noise is fed back to the 
microphone which starts the process again. 
This continues until the amplifler is over- 
driven and the amplitude of the noise reaches 
a steady value. You hear this as a loud 
whistle. If you remove the microphone from 
the path of the speaker (break the feedback 
path), the oscillations will cease. Another 
method used to stop the oscillations is to 
decrease the gain of the amplifier. This will 
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Figure 2-t. Feedback In a Public Address 
^stem 



decrease the feedback amplitude to the point 
that oscillations cease. 

2-4. The basic requirements for sustained 
oscillations are (a) amplification, (b) a fre- 
quency determining device, and (c)regenera- 
tive feedback. 

2-5. An amplifier and its associated cir- 
cultry requires a power source foritsopera- 
tion. Refer to Figure 2*2. The amplifier 
provides the necessary gain, and the feed- 
back networkprovides regenerative feedback. 
The frequency determining device sets the 
output frequency. 

2-6. Amplifier 

2-7. The amplifier must provide enough gain 
for the output load and for regeneration, 
to maintain constant amplitude and frequency. 
The amplifier can be a common emitter, 
common collector, or common base configu* 
ration. The circuit is oftenacommonemltter 
configuration because of its ^power gain 
characteristics, and because the input and 
output impedance can be matched easily. 

2-8. Frequency Determining Device 

2-9. The frequency determining device (FDD), 
as the name implies, determines the fre- 
quency of operation of the oscillator. Devices 
used include HC networks, LC tank circuits, 
and crystals. 
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Figure 2-2. Block Diagram of an Oscillator 
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iTt50N^HT Circuit 



Figure 2-4. OscLUator Block Diagram 



Figure 2-3. Tank Qrcult Loading 

2*10. A common FDD uses LC components 
in either series or parallel resonantdrcults. 
The resonant frequency of a tank circuit is 
determined by the size of L and C» using 
*159 

the formula f^ =^ "^^g" . Changing tank capa- 
citance or inductance ivill tune the tank. 
Decreasing C or L causes the resonant 
frequency of ttie tank to increase. There- 
fore» if either C or L is made larger, 
the resonant frequency of the tank circuit 
will decrease* By properly at^lustlng the 
capacitor or coil> the desired resonant fre- 
quency can be obtained. 

2-11. Refer to Figure 2-3A. Resistor R 
represents the total Internal resistance of the 
tank« Remember^ R is one of thefactorsused 
to determine the Q of the tank, where the 
formula for Q is: 

^^^'''r whenX^^X^. 

This formula shows that Q and internal 
resistance are inversely related. Assume 
that, at resonance^ the ratio of reactance to 
resistance is greater than 20; the Q i^ tlie 
tank will be greater than 20. 

2-12. Refer to Figure 2-3B and notice the 
external resistor Rl. Resistor Rl can be 
used to control the Q of the taink. Q for 
this arrangement is Q = (R in shunt). 



When Rl is made smaller {less resistance) 
the tank circuit is shunted with a low 
resistance which causes more losses In the 
circuit and, therefore^ lowers the Q. This 
is a conmon method of changing the Q of a 
tank circuit. A Umitatlon is the fact that the 
Q cannot be made any higher than it was 
before the resistor was added. All Rl can do 
is lower the Q. 

2-13. When the FDD is a tank circuity the L 
and C determine the frequency, but the Q of 
the tank determines the feedback require- 
ment. A low Q requires more feedback than 
a high Q. The greater the feedback require- 
rnent^ the greater the load on the complete 
oscillator circuit. 

2-14. Regenerative Feedback 

2-15. Feedback is the process of trans- 
ferring energy from a high level point in a 
system to a low level point in a system. 
This usually means transferring energy from 
the output of an amplifier back to its Input. 
If the feedback opposes the input signal^ 
the feedback is degenerative. However, if the 
feedback aids the input signal^ the feedback 
is regenerative. 

2-16. Regenerative feedback is required inan 
oscillator. It furnishes the input signal tothe 
amplifier. The amplified feedback signal 
offsets tho damping in the FDD circuit. 
Since all circuits have some losses^ the 
regeneratlvefeedback must be equal tothe 
losses and provide a circuit gain of unity. 
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Figure 2*5, OsdUator Qrcult 



Unity gain means that circuit losses are 
being corrected 

2*17. Figure 2*4 shows a feedback network 
connected between the collector and base of a 
transistor amplifier, Sinceacommon emitter 
configuration shifts tbe signal 180 degrees, 
the feedback network must shift the col- 
lector 7oltage an additional iSOdegreesforlt 
to be regeneratl7e feedback. Transformers, 
resistance- capacitance networks, Inter- 
element capacitance, and Inductance net- 
works provide this 180-degree shift. With 
a common base or common collector amp- 
lifier configuration, no phase shift Is required. 

2-18, Armstrong Oscillator 

2-19. We have discussed the requirements 
of oscillators* Let's put them together In a 
complete oscUlator circuit. 

2-20. Figure 2-5A shows a conventional 
amplifier. H2 provides the forward bias 
for Ql; C2 is a coupling capacitor; and LI 
and Ri form the collector load Impedance. 
This is ^ common emitter configuration 
which gives a l80-degr«e shift between the 
base and collector. 

2-21. Figure 2-5B shows a frequency deter** 
mining device composed of inductance L2and 



capacitance CI. CI is the tuning device 
used to adjust the resonant frequency to the 
desired value, 

2-22. Figure 2-5C is the feedback network 
which uses collector load LI as the primary 
and L2 as the secondary windings of a coupling 
transformer to provide 180-degree phase 
shift. Variable resistor Bl controlsthe amount 
of current through LI. With Rl adjusted for 
maximum resistance, most of the current 
flows through LI. The transformer now 
couples maximum signal into the tank circuit 
This represents a large feedback amplitude. 
If Rl is adjusted for a smaller resistance, 
less current flows through LI, and less 
energy is coupled to the tank circuit, there- 
fore, feedback amplitude decreases. Rl is 
adjusted so that the LI current is adequate 
to sustain tank oscillation. 

2-23. Figure 2-5D shows the complete oscil- 
lator circuit. By connecting the feedback 
network through coupling capacitor C2 to the 
base of Ql, we have a "closed loop" for 
feedback (shown by the solid arrows). Let's 
verify that the feedback is regenerative: 
assume a positive signal on the base of Ql. 
The transistor amplifies this signal and 
inverts it 180 degrees. Ttie negative col- 
lector signal is applied to primary LI of the 
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transformer, which is connected so that the re 
is a 180-degree phase shift between leads 
1 and 3. The negative signal applied to lead 
I appears at lead 3 as a positive signal. 
The positive signal is now coupled through 
C2 to the base of Ql, Notice that we assumed 
a positive signal on the base, and the voltage 
fed back is of the same polarity. If we 
assume a negative signal voltage on the base, 
the feedback signal will be negative. In either 
case, the regenerative feedback offsets the 
damping in the FDD and has sufficient amp- 
litude to provide a circuit gain of unity, 

2-24, Figure 2-5D fulfills the requirements 
for an oscillator: amplification, a frequency 
determining device, and regenerative feed- 
back. The schematic drawing is a "tuned 
base'' oscillator, because the FDD is in the 
base unit. (If the FDD were in the col* 
lector circuit with CI parallel with LI, 
it would be a ''tuned collector" osdllatorJ 
This particular circuit is an Armstrong 
oscillator, 

2-25, Refer to Figure 2'-5D as we discuss 
the circuit operation. When V^^ Is applied 
to the circuit, a small amount of base cur- 
rent flows through R2 which sets forward 
bias on Ql. This forward bias causes col- 
lector current to flow from ground through 
Ql and LI to ^Vqq, The current through 
LI develops a magnetic field which induces 
a voltage into the tank circuit. The voltage 
is positive at the top of L2 and CI. At this 
tlme^ two actions occur; first, resonanttank* 
capacitor CI charges to this voltage; the tank 
circuit now has stored energy. Second, 
coupling capacitor C2 couples the positive sig- 
nal to the base of Ql, With a positive signal 
on its base, Ql wUl conduct harder. With 
Ql conducting harder, more current flows 
through LI, a larger voltage is induced 
into L2, andalargerposltive signal is coupled 
back to the base of Ql. While this is taking 
place, the frequency determining device is 
storing more energy. CI charges to the volt- 
age Induced into L2, 

2-26, The transistor will continue toincrease 
in conduction until it reaches saturation. 
At saturation, collector current of Ql is at 
a maximum value and cannot increase any 



further. With a steady current through LI, 
the magnetic fields are not moving and no 
voltage is induced Into the secondary, 

2-27. With no external voltage applied, CI 
now acts as a voltage source anddischarges. 
As it does, it transfers its energy into 
the magnetic field of L2, and the voltage 
across CI decreases. Now, let's look at 02, 

2-28, The coupling capacitor has charged to 
approximately the same voltage as CI, As 
CI discharges, 02 will discharge. The prime 
discharge path for 02 Is through R2 (shown 
by the dashed arrow). As C2 discharges, 
the voltage drop across R2 reduces the 
forward bias on Ql, and collector current 
begins to decrease, 

2*29, A decrease In collector current allows 
the magnetic field of LI to collapse. The 
collapsing field of LI now induces a negative 
voltage into the secondary which Is coupled 
through 02 and makes the base of Ql more 
negative. This, again, is regenerative action 
and it continues until Ql is drlTenintocutoff. 

2-30, When Ql is cut off, the tank circuit 
continues to flywheel or oscillate. The fly- 
wheel effect not only produces a sine-wave 
signal, but It aids in keeping Ql cut off. 
Without feedback, the osculations of L2 
and CI would <tampen out after several 
cycles. To insure that the amplitude of the 
signal remains constant, regenerative 
feedback Is supplied to the tank once each 
cycle, as follows; 

2-31, As the voltage across CI reaches 
a maximum negative, CI begins discharging 
toward zero volts, Ql Is sttU below cutoff* 
CI continues to discharge through zero and 
becomes charged positively. The tank circuit 
voltage is coupled to the base of Ql, so the 
base voltage becomes positive andallows col- 
lector current to How, The collector current 
causes a magnetic fleldin LI which is coupled 
into the tank. The action replaces any lost 
energy in the tank circuit. This feedback 
also drives Ql into saturation. After satura* 
tion is reached, the transistor is again 
driven Into cutoff. 
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Figure 2-6. Armstrong Oscillator 

2-32. The operation ot the Armstrong oscil- 
lator Is basically this! power applied to the 
transistor allows energy to be applied to the 
tank circuit. When the transistor cuts off, 
the tank circuit oscillates. Once every cycle, 
the transistor conducts for a short period of 
time (Class C operation) and returns enough 
energy to the tank to Insure a constant 
amplitude signal. 

2-33. Class C operation has high efficiency 
and low loading characteristics. The longer 
Ql is Cut off, the less the loading on the 
frequency determining device. 

2-34, For Qass A operation, the feedback 
amplitude must be reduced, and C21susuaLly 
larger. The reduced feedback ampUtudepre- 
vents the amplifier from going all the way 
into saturation and cutoff, and the larger 
capacitor makes a longer time constant, 
so 02 cannot charge or discharge any appre- 
ciable amount 

2-^35. Figure 2-6 shows the Armstrong oscll-^ 
lator as you will probably see it. ^3 has 
been added to Improve temperature stability, 
C3 prevents degeneration, C4 Is a coupling 
capacitor, and T2 provides a method of 
coupling the output signal. T2 is usually a 
loose -coupled HF transformer, which reduces 
undeslred reflected impedance from the load 
back to the oscillator. 

2*36, The ArmstrongosclUatoris anexample 
of how a Class C amplifier can produce a 



sine-wave output that Is not distorted. 
Although Qass C operation Is nonlinear and 
many harmonic frequencies are generated, 
only one frequency receives enough gain to 
cause the circuit to oscillate. This is the 
frequency of the resonant tank circuit. Thus, 
we can have high efficiency and an undls-* 
torted output signal. 

2-37. The wave forms in Figure 2-7 illus- 
trate the relationship between the collector 
voltage and collector current. Notice that 
collector current (Iq) flows for only a short 
time during each cycle. While the tank cir- 
cuit is oscillating, L2 acts as the primary 
of a transformer and LI acts as the secondary. 
The signal from the tank Is, therefore, 
coupled through Tl to coupling capacitor 04, 
and the output collector voltage is a sine 
wave. 

2-38. Before we troubleshoot the Armstrong 
oscillator, let's discuss some methods com- 
monly used to determine If the circuit is 
operating. One method to check for circuit 
operation Is to connect ^n oscilloscope to a 
point in the regenerative feedback loop. The 
presence of a signal Indicates the circuit is 
oscillating. To prevent excessive loading on 
the circuit, the oscilloscope should be con-* 
nected in shunt with the lowest impedance 
point in the circuit. 

2-39. Another method of checking for oscil- 
lations is with a neon bulb. The oscillating 
circuit radiates electromagnetic energy. If a 
neon bulb Is held physically close to the 
circuit, the neon will ionize and glow provided 
the oscillator can furnish the required power. 




Figure 2-7. Collector Current and Voltage 
ol a Qass C Oscillator 
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This check Is not nearly as accurate as the 
oscilloscope because of many variables such 
as the size of neon bulb» strength of oscil- 
lator signal^ and physical distance from the 
circuit. The neon bulb, however, is a quick 
^ay to check the circuit for operation. 
A third method used to check for oscilla- 
tions Is to measure the output with a high 
impedance AC voltmeter. 

2-^40. Troubleshooting an oscillator is rela- 
tively simple as long as you remember the 
requirements for an oscillator and the char- 
acteristics of an amplifler. 

First, what malfunctions will prevent 
the amplifier from operating?Heferto Figure 
2-6. If Ql or H3 opens, the DC path for the 
transistor Is broken. Ql cannot amplify and 
the circuit cannot oscillate. U Ql is shorted, 
the path is present but no amplification 
will be present^ and there is no output from 
the circuit. 

2-42* Second, what malfunctions can occur 
in the frequency determining device? With 
L2 or CI shorted, no oscillations exist 
because the tank circuit is shorted to ground. 
If L2 opens, the resonant frequency of the 
tank goes to a higher value as determined 
by the capacitance between the open ends 
of the coil. If CI opens, the resonant fre- 
quency of the tank goes to a higher value, 
because the resonant frequency is now deter- 
mined by L2 and the shunt or distributed 
capacitance in the circuit. With L2 or CI 
open, the oscillator may not operate* because 
of the higher resonant frequency- 

2-43. Third, in the regenerative feedback 
path, if C2 or LI opens, the feedback is 
zero and the circuit will not oscillate. 

2*44. Now, let's examine the remaining com- 
ponents. If HX opens, the output amplitude will 
increase. If HI is shorted, there is no 
output because there is no collector load 
impedance and no coupling tothetankcircult. 

2-^45. If H2 opens, we lose forward bias on 
Ql, and there may not be enough leakage 
current through Ql to start the circuit 
oscillating. If H2 shorts, the excessive base 
current would pxMsbably damage the transistor. 
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Figure 2-8. Series-fed Hartley Oscillator 

2-46. If K3 or 03 shortfl, the thermal 
stability is lost but the circuit will con- 
tinue to operate as long as Ql does not 
overheat With C3 open, degeneration is pre- 
sent and the output amplitude vrUl be smaller 
than normal or zero. 

2-47. If C2 shorts, there may not be suf- 
ficient forward bias to start oscillations. 
This is because of the very lowDC resistance 
of L2. 

2-46. If C4 opens, the circuit continues to 
oscillate but there Is no output signal. The 
same holds true if L3 or L4 opens. 

2*49. If L3 Or L4 were shorted, an excessive 
load would probably cause oscillations to 
dampen out. If C4 shorts, an excessive DC 
load is on the power supply (LI and L3 in 
series) and the circuit would Aot oscillate. 

2-50. Ttiere are many different oscillator 
circuits, So the troubles and symptoms listed 
here are general, and will vary with individual 
circuits. However, if you understand the 
principle of operation of an amplifier and the 
requirements for oscillation, troubleshooting 
the Armstrong osclllatorshouldbe quite easy. 

2-51. Hartley Oscillator, Series Fed* 

2*52. One of the most common oscillator 
circuits is the Hartley; Series fed and shunt 
fed* We will first discuss the series-fed 
Hartley oscillator, Hefer to Figure 2-8 
for the schematic diagram. Tlie followlnfr 
list gives the purpose of the components; 
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Rl Voltage divider network for for- 
atid H2 ward bias 

H3 Swamping resistor for thermal sta- 
bility 

CI Bypass capacitor for R3 to pre- 
vent degeneration 

C2 Feedback coupling capacitor 

C3y LI Frequency determining device 
and L2 

L3 Coupling for the output circuit 



2*55. The regenerative feedback path, then, 
is from the collector through LI to L2| 
through C2 to the base.The amplitude of the 
feedback i& controlled by the position of the 
tap. When the tap is moved down (making 
LI larger and L2 smaller), the feedback 
amplitude decreases. When the tap is moved 
up, the feedback amplitude increases. The tap 
is positioned to send the correct amplitude 
of regenerative feedback to the base of the 
transistor as indicated by the shape of the 
output waveform. Observe that, regardless 
of the tap position, the frequency determining 
network does not change, so the output fre* 
quency does not change. 



H4and Low-pass filter network (decoupling 
C4 network) 



2-53. The identifying feature of a Hartley 
oscillator is the tapped coil. The oscillator 
is series fed because DC flows through the 
tank. Observe that DC flows from ground, 
through R3, Ql- LI, and R4 to -^^qq When 
a part of the tank circuit is in series ^th 
the power supply so that DC flows throughit, 
the circuit is said to be "^series-fed*" 
Regenerative feedback from the collector to 
the base of Ql is through autotransfonner 
action between LI and L2. 

2-54. To understand the circuit operation, 
assume the circuit is oscillating and the sig- 
nal on the base (from the FDD) is going in 
a positive direction. The positive signal 
will cause the collector current to increase 
and the voltage across LI will be negative 
at the top with respect to the tap. The voltage 
induced into L2 will be positive at the bottom 
with respect to the tap. This positive sig* 
nal coupled back is in phase with the original 
Signal, and it is regenerative. The negative 
alternation of the signal on the base causes 
collector current to decrease. This decrease 
In current will cause the voltage across LI 
to go positive at the top with respect to the 
tap. The voltage induced into L2 will be 
negative at the bottom with respect tothe tap. 
This negative signal is coupled through C2 
to the Ql base. Once again, the signal fed 
back is in phase with the original signal and, 
therefore, is regenerative. 



2-56. The low-pass filter network (R4-C4) 
is used for two purposes. First, the resistor 
drops \qq to the desired value for the tran- 
sistor. Second, the oscillator signal is 
Isolated from the power supply by the large 
fUter capacitor C4, connected between H4 
and the tank circuit. The high frequencies 
will be shunte'd around the power si^ly, 
and the low frequencies (DC In this case) 
will pass on to the power supply. 

2*57. Buffer Amplifier 

2-58. Figure 2-8 shows the output circuit as 
a load placed on the frequency determining 
device. This type loading affects oscillator 
amplitude and frequency. A "buffer'' ampli- 
fier decreases the loading effect on the oscil* 
lator by reducing interaction betweentheload 
and the oscillator. 

2-59. Figure 2->9 is the schematic diagram of 
a buffer amplifier. This circuit is a common 
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Figure 2-9. Buffer Amplifier 
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Figure 2-10, Shunt-fed Hartley Oscillator 

collector amplifier. A common collector has a 
high Input Impedance and a low output 
Impedance. Since the output of the oscillator 
Is connected to the high Input Impedance of 
the common collector^ the butter has little 
effect on the operation of the oscillator. 
The output of the common collector la then 
connected to an external load, vdth the result 
that changes In Ihe output load cannot reflect 
back to the oscillator circuit. Thus^ the buffer 
amplifier reduces Interaction between the load 

and oscillator. This is "one-way" coupling 
since the oscillator signal is coupledforward, 
but load changes are not coupled back to the 
oscillator. 

2-60. Hartley Oscillator^ Shunt Fed* 

2-61. The second Hartley oscillator Is the 
shunt-fed type. Figure 2-10 shows the 
schematic diagram. Again, we find a tapped 
coil — the Identifying feature of a Hartley 
oscillator. The frequencydetermlnlng device 
(C4, Lt, and L2} Is now in shunt with the 
DC path through the amplifier (ground, H2, 
Ql, and B4 to V^c^' 

2-62. The following list shows Ihe purpose 
of the components: 

Rland Voltage divider network for for- 
H3 ward bias 

R2 Swamping resistor for thermal sta- 
taUlty, 

CI £ypa3s capacitor to prevent 
degeneration 



C2 


Decoupling capacitor for the power 




source 


H4 


Collector load resistor 


C3 


Coupling capacitor 


C5 


Feedback coupling capacitor 


C4, U, 


Frequency determining device 


and L2 




L3 


Coupling for the output circuit 



2-63. Coupling capacitors C3 and C5 block 
DC from the tank circuit; thua» the oscil- 
lator is ''shunt fed*" Hegeneratlve feedback 
from the collector to the base of Ql Is 
through C3, autotransformer action between 
Lt and L2 and through capacitor C5. 

2-64. To understand the circuit operation^ 
assume that the circuit is operating and i^e 
signal on the base is going positive. The 
positive signal will cause collector current 
to increase and collector voltage todecrease 
(go In a negative direction). This negative- 
going signal couples through C3^ and Ihe 
voltage across LI will be negative at the top 
with respect to the tap. The voltage Induced 
Into L2» Ihen^ will be positive at Ihe bottom 
with respect to the tap. Tids positive -going 
signal Is then coupled through C5 to the base. 
Since the signal coupled back Is In phase 
with the original signal^ It is regenerative. 

2-65. The negative alternation of the signal 
on the base causes collector current to 
decrease and the collectorvoUagetolncrease 
(go In a positive direction). This positive- 
going signal couples throu^ C3» and the 
voltage across LI will be positive at the top 
with respect to the tap. The voltage ln<1uced 
Into L2^ then^ will be negative at the bottom 
with respect to Ihe tap. This negative- 
going signal is then coupled through C5 
to the base. Once agaln^ the signal fed back 
is in phase with the original signal and, 
therefore^ Is regenerative. 

2-66. The regenerative feedback path^ then^ 
is from the collector through C3 to Ll» 
to L2 through C5 to the base. Once again, 
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C2 Coupling capacitor between the col* 
lector and the tank 




Figure 2-11, Colpitts Oscillator 

the position of the tap determines the amount 
of feedback in the circuit. Use Figure 2-10 
to trouWeshoot the shunt' fed Hartley oscil- 
lator. Assume Class A operation. 

Symptom; No output and V^^, is zero volts; 
the possible troubles Include open, C2 
shorted, or C3 shorted. 

Symptom: No output and Vq is normal; the 
possible trouble could be C5 open, C3 open, 
the tap on L1-L2 not grounded, or CI open. 

Symptom: No output and V^;; approximately 
equal to "^cc, trouble now could be R2 
open, R3 open, Rl shorted, C5 diorted, or 
H4 shorted, 

2-67. Colpitts Oscillator 

2-68. Anothertypicaloscillatoristhe Colpitts. 
Figure 2-11 shows the schematic diagram. 
The identi^ing feature of this oscillator is a 
split capacitor. The following list gives the 
purpose of the components: 

Rl Emitte r resistor to develop the f ee d- 
back signal< 

R2and Voltage divider network for for- 
R3 ward bias 

CI Base bypass capacitor that keeps 
the base at AC ground 

R4 Collector load resistor 



C3, C4, Frequency determining davlce 
and LI 

L2 Output coupling device 

2-69. The two capacitors (03 and C4)inthe 
frequency determining device provide the 
Colpitts oscillator with capacitlve feedback* 
As the Hartley oscillators use a tapped 
coll for inductive feedback, Colpitts oscilla- 
tors use split capacitors for capacitlve 
feedback* Before discussing tbeoperatlonof 
the two capacitors, let's trace the regenera- 
tive feedback path. 

2*70. Starting at the collector ofQl, the feed- 
back goes through C2, to the tank circuit, 
and from the connection between the two 
capacitors to the emitter of Ql. Ql is con- 
nected in a common base configuration and 
does not phase shift the signal, neither does 
the tank circuit. So, the feedback is re- 
renerative. 

2-71. To Illustrate the purpose of the two 
capacitors, C3 and C4, refer to Figure 
2-12, a rearrangement of components from 
Figure 2-11. This shows only the emitter- 
to-base circuit with respect to the tank 
circuit. Notice the interelement capacitance 
betweenthe emitter and base C^^j. 

2-72. A^hen a tank circuit is connectedacross 
a junction of a transistor, the transistor 
interelement capacitance becomes part of the 




Figure 2-12. Colpitts Oscillator; Emitter 
Circuit Redrawn 
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R3 i 



R2 



CC 




Figuie 2-13, Qapp Oscillator 

tank capacitance. If thlsinterelement capacit- 
ance changes^ the frequency of the tank cir- 
cuit will change. Among other things^ heat 
and the amount of bias affect the capacit- 
ance between thetransistorelementsjthere- 
fore^ C^i^ is subject to change. Inthe Colpitts 
oscillator^ one of the two capacitors in the 
tank circuity C4 » is connected across the 
emitter-base Junction. This connection places 
Ceb ill parallel with C4. To decrease the 
effects of a change in Cebi select a size 
for C4 that wU make it much larger than 
Ceb' For example, if C^\^ is 10 picofarads^ 
then select 1000 picofarads for C4. The 
total parallel capacitance of C^t) and C4 
would be 1010 picofarads. The size of C3 
is selected to make the circuit resonate with 
LI at the desired frequency. Let's assume 
that C3 is 100 picofarads. The total tank 
capacitance is about 90.9 picofarads. 

2-73. To illustrate ourexample^let^sassume 
that the Interelement capacitance increases 
100 percent to 20 picofarads. How much does 
the total tank capacitance change ? We find 
that the total tank capacitance Is now about 
91.1 picofarads. This represents a change In 
total tank capacitance of about 0.2 percent. 
So, with a \00 percent change In inter- 
element capacitance the resonant frequency 
changes less than 0.2 percent. % a more 
careful selection of component sizes, an 
even smaller degree of change can be 
achieved. Using two capacitors reduces the 
undesirable effect of transistor interelement 
capacitance changes on the frequency deter- 
mining device. This allows the Colpitts 



oscillator to have good frequency stability 
characteristics. The two capacitors also act 
as a voltage divider to insure the correct 
amplitude of feedback, 

2-74. The Colpitts oscillator may be tuned 
by varying the inductance or capacitance. 
However^ when capacitance tuning is used, 
both capacitors must be tuned at the same 
time. Since 03 and C4 (Figure 2-12) form a 
voltage divider network for the regenerative 
feedback if one capacitor is varied^ the ratio 
of C3 and C4 changes and the amount of 
feedback changes. To maintain the ratio and 
thus reduce the possibility of distortion or 
loss ^f oscillations^ capacitors connected on 
the dame shaft (ganged capacitors) are used 
with capacitive tuning. 

2-75. Oapp Oscillator 

2-76. The Qapp oscillator (Figure 2-13) is 
a modified Colpitts oscillator. Tuning capaci- 
tor CS is added in ^Series with the tank 
inductance so that the frequency determining 
device now consists of C3^ C4^ CS, and LI. 
Like the Colpitts^ the Oapp oscillator reduces 
the effects of transistor interelement 
capacitance. Using the single tuning capacitor 
makes this oscillator much easier to tune 
than the Colpitts. 

2-77. Another advantage of the Oapp oscil- 
lator is the reduction of *^hand capacitance.'* 
^Vhen you place your hand near the tuning 
device^ the capacitance of your hand and boc^ 
may cause the frequency of an oscillator to 
change. One plate of tuning capacitor CS 
is at ground potential; this reduces the 
effect of hand capacitance. 

2-78. To troubleshoot the Qapp oscillator^ 
assume Qass a operation. 



Symptom: 
Cause; 

symptom: 
Cause; 



No output and Vq is low 

C4 shorted, ai short, or 
possibly BZ open 

The output frequency is 
lower than normal 

C5 shorted 
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Figure 2-14. Butler Oscillator 

Symptom: No output and is 

normal 

Cause: C2 open^ C3 open, C4 

open^ LI openorshorted^ 
C5 open^ L2 open or 
shorted 

2-79, Butler Oscillator 

2-80. The Butler oscillator^ shown in Figure 
2-14^ has two primary identlilying features. 
Two transistors are used^ and a crystal is 
connected between the emitters. Thepurpose 
of the components are listed below; 

fll Emitter resistor of Ql> develops 
the output of Ql 

R2 Emitter resistor of develops the 
input signal to Q2 

Yl Frequency determining device 

fi4and Forward Was voltage divider for 
R5 Q2 



C3 



Base bypass capacitor for Q2 



LI and Resonant tank load impedance for 

C2 collector of Q2 

CI Coupling capacitor 

R3 Forward bias resistor for Ql 



2-81. Ql is a common collector configura* 
tion and Q2 is a common base configuration. 
The rogpnerAtlvo f«»edbAck path in: From the 
collixitor of tlu-ouish CI to tht* 
Qlt to the emitter of Ql» through the crystal 
Ylf and back to the emitter of Q2. The 
regetteratlve feedback must pass through the 
crystal. At its resonantfrequency^the crystal 
has a very low impedance and ^1 pass the 
feedback signal to the emitter of Q2. All 
other frequencies will be blocked because 
of the high impedance of the crystal. 

2*82, The output signal from the circuit can 
be obtained directly £rom the collectorof Q2. 
The tank circuity LI and C2» will flywheel 
and produce a signal on the collector. At 
the same time the cyrstal is vibrating to 
produce a signal on the emitter of Q2. With 
both transistors operated Qass C» Q2 will 
be cut oft for a majority of the time. This 
condition provides buffer action between the 
collector circuit of Q2 and the crystal. 
When the output is taken from the col* 
lector^ the external load will have very little 
effect on the crystal operation. This eliminates 
the need for another circuit to provide buffer 
action. Pemember^ the frequency determining 
device is the crystal and NOT LI and C2. 
The LI and C2 resonant frequency should be 
near that of the crystal. When both transis- 
tors are operated Class A^ LI and C2 ' can 
be replaced by a resistor. 

2-83. Phase Shift Oscillator 

2-84, Pfeaistlve capacitlve networks provide 
regenerative feedback and determine the fre- 
quency of operation in PC oscillators. 

2-85. A phase shift PC oscillator circuit 
is shown in Figure 2-15. The following 
list gives the Purpose of the components: 




Figure 2-15. 



REP4-1425 

Phase Shift Oscillator 
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Alf B2, Phase shifting network and fre- 

R3f Cif quency determining device 
C2 + C3 

flSand Voitage divider network tor for- 

A3 ward bias 

fl4 and Emitter swamping resistor and by* 

C4 pass capacitor 

fl6 Collector load resistor {Feedback 
amplitude control) 

2-86. In Figure 2-15, notice the arrange- 
ment of the three flC network. CI and Rl 
form the first RC network, C2 and R2 form 
the second, and C3 and R3 form the third* 
Resistor RS provides forward bias voltage 
and is much larger than R3. 

2-87. The input signal to the RC networks 
is from the collector of Ql, and the output 
signal from the RC networks is applied 
to the base of Ql. Qi^ a common emitter 
configuration, has a 180-degree phase shift 
from base to collector. To obtain regenera- 
tive feedback for sustained oscillations, the 
collector signal of Ql must be shifted 180 
degrees before it is returned to the base of 
Ql. This is accomplished by the three RC 
networks. To get 180 degrees from a three- 
section network, each section provides 
approximately 60 degrees phase shift. The 
capacitors and resistors in the RC networks 
may be adjusted to provide the required 
phase shift for the desired frequency. The 
collector signal is thus shifted a total ot 
180 degrees and returned to the base of Ql 
as regenerative feedback. 

2-88. But what about the frequencies above 
and below the desired operating frequency? 
Remember, if capacitance and resistance are 
held constant, the amount of phase shift per 
section depends upon frequency. All fre*- 
quencies above the desired operating fre- 
quency will be phase*- shifted less than 180 
degrees and will not be regenerattvely fed 
back. Also, all frequencies below the desired 
operating frequency will be phase shifted 
more than 180 degrees and feedback will 
not be regenerative. Only one frequency will 
have the correct 180-degree phase shift to 
provide reijent^^utlve feedbackforthe circuit. 



2-89. Transistor amplifier Ql must operate 
Class A because the RC frequency deter- 
mining device has no flywheel action. Recall 
how LC oscillators maintain a sine-wave out- 
put even though they operate Class C^ because 
of the tank-circuit flywheel action. For a 
sine-wave output from the phase shift oscil- 
lator, transistor Ql must conduct 360^ of 
the cycle^ and operate in the linear portion 
of Its characteristic curve, tf the regenera- 
tive feedback is too small, the circuit will 
not oscillate; if the regenerative feedback is 
too large, dlstortioa will be present in the 
output. The collector load resistor, R6 in 
Figure 2-15, is variable to allow adjustment 
of the feedback. By decreasing the voltage 
gain of the circuit decreases and the ampli- 
tude of the feedback is reduced* In some 
circuits, the emitter resistor is untjypassed 
and variable to allow some degeneration to 
be present to Insure an undistorted output 
signal. 

2-90. To determine thefrequencyofoperation 
use the formula: 

F 1 

o 27rRC /Tn 

where N is the number of RC sections. 
Figure 2-15 uses three sections sothe formula 
becomes: 

^o"" 2 ^ EC 72{3y* 

2*^91. Now, let's consider troubleshooting: 

::5yn:ptom: 




Figure 2-16- Wlen Bridge Oscillator 
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Symptom: No output and Is normal 

Probable cause; Cl^ C2^ C3| Rl^ or R2 
could be open or CZ, Rl, or R2 
could be shorted 

Symptom: No output and is higher than 
normal 

Most lilcely cause: C3 shorted 
2-92. Wien Bridge Oscillator 

2-93. The Wien bridge oscillator Is another 
RC oscillator. It uses two transistor ampli- 
fiers and a bridge circuit for feeclback. It 
also uses the phase shift characteristics of 
RC networks. The following list gives the 
purpose of components. Refer to figure 2-16. 

Rl-Cl, Frequency determining device 
a2| St C2 



S7 

2-95. To illustrate the operation of the 
Wien bridge oscillatorfrequency determining 
device, refer to Figure 2-17. First, let's 
assume that Rl is equal to R2f and CI is 
equal to C2. Maximum amplitude will be 
developed across parallel branch R2 and C2 
at the center frequency* 

2-96. At frequencies above F^^ the impedance 
of the R2-C2 networkdecreasesmorethanthe 
impedance of the Rl-'Clnetwork. This will 
reduce the amplitude of the signal developed 
across R2-C2. 

2*97. At frequencies below Fq, the impedance 
of the Rl'Cl network increases more than 
the impedance of the R2-C2 network. This 
will decrease the amplitude of the signal 
across R2-C2. (Notice the frequency response 
curve in Figure 2-17B). 



R3-R4 Degenerative feedback network 

R2-R5 St Amplifier forward bias networks 
a7-R8 

R6 & R9 Collector load resistors 

C3 St C4 Coupling capacitors 

RIO Emitter resistor which developsthe 
Output 

2-94. The frequency determining device (Rl> 
Cl| R2| and C2) is a series-parallel RC 
network. Any voltage thatis developed across 
parallel R2 and C2 is applied to the base 
of Ql| and any voltage developed across R4 
in the R3-R4 voltage divider network is 
applied to the emitter of Ql. So^ during normal 
operation^ there aretwosignalsappliedtoQl 
at the same time. Degenerative feedbacknet- 
work R3-R4 is not frequency selective. Any 
signal coupled from the collector of Q2, 
through C4^ will appear on the emitter of 
Ql with a reouced amplitude. The frequency 
determining network IS frequency selective. 
The amplitude of the signal on he base of 
Ql depends on the frequency of the signal. 
Due to this arrangement^ one frequency will 
cause a larger voltage on the base of t4i 
(across B2 and C2) than any other. This is 
the oscillator operating frequency. 



2-96. The signal across the R2-C2 section 
not only varies in amplitude with a fra* 
quency change but also varies in phase. 
At the frequency of operation, Fq, the cur- 
rent in the series-parallel frequency deter- 
mining network^ leads the applied voltage by 
45 degrees. However, the parallel secti,on has 
a lagging impedance of 45 degrees. For the 
parallel portion, then, a plus 45-degree cur- 
rent and a minus 45-degree impedance give 
a voltage of zero degrees (I/+45*xZ/ -45* = 
E/ 0**). This makes the voltage applied tothe 
base of Ql in phase and regenerative. At 
frequencies above and below F^, the feed- 
back signal will not be of the proper phase 
to Sustain oscillations. So, for given values 
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Figure 2-17. Frequency DetermlningDevice; 
Wien Bridge Oscillator 
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DEGENeRATIve 




fa 

FREQUEMCY 

REP4'1428 

Figure 2-18. Degenerative Feedback Diagram 

in the frequency determining network^ only 
one frequency, Foi will have a feedback sig- 
nal that is of proper phase. Both Qt and 
Q2 invert the signal making a 360*degree 
phase shift. The Q2 collector voltage is, 
therefore, in phase with the Qt t^ase signal. 

2-99. Tliis characteristic ofthaflCfrequency 
determining device allows maximum 
regenerative feedback for only one frequency^ 
A small amount of degenerative feedback 
increases the frequency stability of the 
circuit. Network R3-fl4 provides this signal 
to the emitter of Ql. Now, refer to Figure 
2-18, 



distorted. Decreasing R31ncreasesdegenera« 
tlve feedback and reduces the output signal 
amplitude. Decreasing R3 Airther may stop 
the oscillator. Thereforei R3 is adjusted for 
maximum output amplitude with minimum 
distortion. 

2-103* To determine the frequency of opera- 
tlon, F^, use the following formula: 

27r JriT 



^0 = 



{R2y (C2) (Cl) 



When Rl equals R2 and Ct equals C2| 
the formula reduces to 



1 



2ir flc 



or 



.159 
flC 



In troubleshooting the Wien Bridge oscUlatori 
we must consider that we have two ampll* 
flers, two feedback loops, and a frequency 
determining device* With no output, a check 
of collector voltage of each transistor would 
identify if the trouble was in the DC circuit 
of the transistors. If the following symptoms 
were present, we would look for the following 
troubles. Use Figure 2-16. 



SYMPTOM 



V Ql High 
No Output 



POSSIBLE TROUBLE 

A6 shorti R4 open, R5 
open, R2 short, C2 short 



2-100, ance resistors fl3 and R4 are not 
frequency sensitive, they pass all frequencies. 
Notice that there Is only a small area where 
the regenerative feedback is higher In ampli- 
tude than the degenerative feedback. Since 
sustained oscillations require regenerative 
feedback, the circuit will only operate at the 
frequency where this occurs. 



Ql Low 



V Q2 High 
No Output 



V 02 Low 



R6 Qpen, R4 shorty B5 
short, R2 open 

BS short, HI 0 open, RS 
short, R7 open 

R7 short, R8 open fli 0 
short, R9 open, C3 short 



2-101. Tuning the circuit requires the adjust- 
ment of some part of the frequency deter- 
mining device. T^e usual tuning method la to 
use ganged capacitors (Cl and C2) or ganged 
resistors (Rl and fl2). 



Ql^ Q2 
No Output 



C3 open^ C4 open, Rl 
open or short 
Cl openor short, C2 
open, R3 short 



ERJC 



2-102. Sometimes R2 (Figure 2-169 is made 
variable to adjust degenerative feedback. In- 
creasing R3 reduces defcenerative feedback. 
ThU K\*^^ylU^ cmf^p the ouifnit ^Itfii^l ampli- 
tude to incrdtt^e and po^^Jbiy boconit» 



Output Amplitude 
High and Fre- 
quency Unstable 



R3 open 
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IMPUT 



1 SAHj 




TUNED 
TO 2 MHz 
OUTPUT 

•w 

2 MHz 
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Figure 2-19. Frequency Multiplier 

2-105. To obtain higher frequencies than the 
resonant frequency of an oscillator, the oscil- 
lator output can be fed to a frequency multi- 
plier. As the name implies, a frequency 
multiplier circuit is one whose output fre- 
quency is some multiple of the input fre- 
quency. For example, a frequency doubler 
will double the input frequency, a tripler 
will triple the frequency, and a quadrupler 
will multiply the input frequency by four. 

2-106. To multiply a frequency, a circuit 
must generate harmonic frequencies in the 
output. This requires Class B or Class 
C amplifier operation. Figure 2-19 is the 
schematic diagram of afrequency multiplier, 
a double rinthis example. Assume Ql operates 
Class C, Ql is cut off with no input signal 
because it has no forward bias. During 
the positive alternation of the input signal, 
Ql is forward biased by the signal and 
coupling capacitor CI charges rapidly. Once 
the capacitor is charged and the input signal 
starts In the negative direction, the tran- 
sistor is cut off. The only discharge path 
for CJ is through RL This is a longtime 
constant so CI catuiot discharge very fast. 
The average voltage on CI becomes the 
reverse bias forthe base-emitter junction and 
allows Class C operation for the transistor. 
Of necessity, the input signal must be larger 
than that normally applied to an amplifier 
circuit. 

2-107, With Qass C operation, the tran- 
sistor will generate many harmonics of the 
input signal. The output signal is the harmonic 



to which the collector tank circuit is tuned. 
In Figure 2-19, the tank circuit is tuned to 
the second harmonic of the input signal. 
With 1 megahertz input, the output signalwill 
be a sine* wave signal of 2 megahertz. 

2-108. If the collector tank were tuned to 
3 megahertz, the third harmonic of the input 
signal, the output would be 3 megahertz. 
The same is true with the fourth harmonic. 
The fourth harmonic, or frequency quad- 
rupler, is normally as high in multiplica- 
tion as practical, because as you tune to 
higher harmonics, the output signal becomes 
weaker. Two doublers are often more desir- 
able than one quadrupler. Although each will 
produce the same frequency multiplication, 
two doublers provide more powerin the output 
signal, 

2-109, If the input frequency and the com- 
ponent values of the tank circuit are known, 
you can determine whether the stage is a 
doubler or tripler. For example, if the 
input signal is lO MHz, would a .016 milli- 
henry inductor and a 4-picofarad capacitor 
form a frequency doubler or tripler? Using 
the formula 

find the tank circuit's resonantfrequency, 
■159 

f =/ -''2 
r V*016 X 10 X 4 X 10 " 

y.064 X lO'^^ = Js4 X 10-^^ 



.159 



8 X 10 



-9 



J9*9 or 20 MHz* 



So these tank component values make a 
frequency doubler. In a problem of this 
type, rounding off ,159 to ,16 will simplify 
the calculations. 

2-110, Another feature of frequency multi- 
pliers is that theyprovldethe characteristics 
of a buffer amplifier. Since the transistor is 
operated Class C, the load on the multi- 
plier does not reflect impedance back to the 
base circuit. And, because of Qass C 
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Figure 2-20, BuUerOsclUatorand Frequttncy 
Multiplier 



operation^ the Input Impedance to the base 
Is relatively high (the base-emitter junction 
Is reverse biased most of the time). 

2-lU. Figure 2-20 shows the schematic dia- 
gram of a Butler oscillator c^miected to a 
frequency multiplier. Q3 and Its circuitry 
are the frequency multiplier^ which also 
serves as buffer amplifier for the oscillator. 

2-U2. Another characteristic of frequency 
multipliers concerns neutralization and uni- 
lateralization. Since the Input frequency and 
output frequency of a multiplier are dlt^erent^ 
there Is usually no nee<£ for tinllaterall/atlon 
or neutralization of the circuit. Any feed- 
back through the transistor would not be In 
phase^ so th^ frequency multiplier could 
not oscillate. 
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Chapter 3 



PULSED OSaLLATOflS 



3-U A conventional sinusoidal oscULator la 
one that will produce output pulses at a 
predetermined frequency for an Indefinite 
period of time* That Is, It operates con- 
tinuously* Many electronic circuits require 
that an oscillator be turned on for a specific 
time duration, and then remain In an oft 
condition untQ required at a later time* 
These circuits are called pulsed oscillators* 
They are nothing more than sine-wave oscil- 
lators that are turned on and off at specific 
times* 

3-2* There are two primary classifications 
of pulsed oscillators* One Is classified as 
having regenerative feedback and the other 
without regenerative feedback* Both will be 
discussed In the following section* 

3-3^ A pulsed oscillator Is a form of 
ringing circuit so we will discuss ringing 
circuits in general before going Into the oscil- 
lator* A ringing circuit Is a resonant cir- 
cuit which Is excited Into oscillation and 
iUowed to osftiUafce or "ring" without feedback 
untQ oscillations die out* 

3-4* Figure 3-lA shows a parallel resonant 
circuit connected to a DC source through a 
switch (SI) and a current limiting Resistor 
(hD* With SI dosed, a DC current flows 
from ground through Rdc> and Rl 

to the positive voltage source* TheDCresist- 
ance of LI (Rdc) ^^w, so a small voltage 
will be dropped across LI* Due to the cur- 
rent flow, a magnetic field will be buUt 
up around LI* The field will not coUapse 
as long as a steady direct current exists 
and, therefore, no flywheel action can take 
place* 

3-5* Assume that at time Tq, In Figure 3- IB, 
we open SI* The Held around LI collapses, 
Inducing a voltage to keep current flowing In 
the same direction* Thus, the voltage polarity 
across LI reverses, current flows to charge 
CI, and flywheel action begins* The circuit 
will oscillate at a frequency determined by 
LI and CI* 



3-6* The waveform In Figure 3-lB shows 
that the amplitude of oscfllatlons decreases 
during the time SI is open (Tq to T\)* 
This is due to the power being dissipated 
ar the current circulates, with no provision 
for replacing the lost power* BaC ^» ^ 
equivalent resistance representing all of the 
power-dlssipadng elements In the tank* The 
higher the Q, the less the loss, and the 
slower the rate of decline in amplitude* 
If a variable resistance were placed In 
shunt with the tahk, the rat© of decline 
could be controlled* This is true because 



A 




B 
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Figure 3-1* Basic Ringing Qrcuit 



3-1 



ERLC 



70 



(^^^ — 



Q = • The greater the the greater 

the % and the slower the rate of decline. 

3-7, The polarity of the first alternatiOT of 
a pulsed oscillator will depend on the direction 
of the Initial current through the coil with 
respect to ground. The amplitude of the first 
alternation is a functlcm of the current at the 
time SI la opened and the reactance of LI 
at the resonant frequency. With Rt smaller, 
a larger current would flow thro*agh LI; 
more current through LI would Induce a 
larger voltage when the switch Is opened. 
By adjusting Rt, therefore, the amplitude of 
the first alternation Is controUaUe. 

3-8. Figure 3-2 shows a pulsed oscillator 
with the resonant tank In the emitter circuit. 
It Is actually the same circuit as Figure 
3-t, except that the adjustable resistor Is 
removed and SI has been replaced with Ql. 
A positive input makes Ql conduct heavUy^ 
current flows through Ll; and no oscil-^ 
latlons take place. A negative gate cuts Ql 
off| and the tank will oscillate until the gate 
ends (or until the ringing stops, whichever 
comes first). 

3-9. In Figure 3-2, Rl provides the forward 
bias voltage for Ql. Ll and C2 form the 



resonant tank circuit. Qt eerves as the cur* 
rent limiting resistance, and the bias on Q] 
controls the amplitude of the first altema* 
tlon of the output. The more forward bias on 
Ql, the larger the amplitude of the frst 
alternation. 

3*10. Hie waveforms In Figure 3-2 show the 
relationship of the Input gate and the output 
signal from the pulsedoacillator. Assume that 
the Q of the LC tank circuit Is high enough 
to prevent damping. An output from the cir- 
cuit is obtained when the Input gate goes 
negative. To to Tl, and 72 to T3. The 
remainder of the time, Tl and T2, the 
transistor conducts heavily and there Ifl no 
output from the circuit. The width ctf the 
input gate controls the time for ths output 
signal. By making the gate length longer, 
an output is present for a longer time. 

3-ti. It is relatively simple to calculate the 
number of cycles present in the output when 
the gate length and resonant frequency are 
known, 

3*12. For example. If the tank circuit Is 
resonant at 1 megahertz, and the gate length 
on the negative alternation 18 500 micro? 
seconds, then there will be 500 cycles of one 
megahertz present In the output Let^s check 
this by converting frequency to time, using 
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Figure 3-?. Emitter Loaded Pulsed Oscillator 
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t s-p One cydfl of % megahflrtz requires one 
mlcroMcond of Ume. Theor dividing the Urns 
lor one cydle (one microsecond) Into the gate 
length (500 mlcroaecondfl), we g9t the number 
of cycles (500). 

3-^13. Another version o{ the pulsed ogcU- 
Utor l9 shown In Figure 3-3. Compare this 
with Figure 3-2; this time the tank has been 
placed In the collector circuit. Hi provides 
the forward bias lor the transistor, C2 and 
Lt the frequency of the output glne wave. 
CI is a coupling capacitor to allow the Input 
gate to be applied tr^ the circuit. 

3-14. The prlmasT difference between the tank 
In the emitter or in the collector Is the 
polarity of the first alternation of the output. 
Recall the basic principle of Induction; any 
change In magnetic field Induces a voltage 



which opposes the change. In Figure 3-3» 
current flows from the emitter to the col- 
lector of yi through Llr to ^^qc* 
Is cut off by the negative alternation of the 
Input gate» collector current will stop. Due 
to the collapsing fleld around Ll» the voltage 
produced will be of the polarity to cause 
current to continue in the same direction. 
TMs will cause the collector to go positive^ 
making the first output alternation positive. 

3-15. Refer to Figure 3-2 and you should 
be able to see why the flrst alternation Ig 
negative. Suppose Ql Is a PNP translator 
with Vcc negative. Current flow from -^cc 
to ground causes the first alternation togoin 
a positive direction. Now, refertofigure3-3 
and replace the NPN with a FNP, and change 
the polarity of V^^. The polarity of the first 
output alternation is negative. 
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Figure 3-3. Collector Loaded Pulsed Oscillator 
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Figure 3-*4. Pulsed Oscillator 



3-^16. Observe that Ihe waveshapes in tx>th 
figures 3-2and3-*3 have no damping. Actually, 
the output of a pulsed oscUlator WTTHOUT 
regeneration is a damped wave, tbe <biratlon 
of which ts controlled by the Input gate 
length. 

3»t7. The second dasslflcatlon of pulsed 
oscillators is one WITH regenerative teed- 
back Qias no damping). This type consists of 
continuous sine-*M(rave oscillator circuit pro- 
ducing a sine-wave ou^ut signal. 

3-18. Figure 3-4 shows a Butler oscillator 
(Class A operation) that has been modified 
to allow pulsing. QZ and Q3 are the Butler 
oscillator transistors. Yl connects the two 
emitters anddetermineslheoutputfrequency. 
Refer to chapter 2 for ^ review of this type 
oscillator operation. Transistor Ql, resistor 
Bl, and capacitor CI have been addedtopro- 
vide a means of applying gates to Ihe oscll* 
lator circuit. R2 (which provides bias tor Q2 
in the basic oscillator circuit) now has a 



second purpose; K2 is the collector load 
resistor for Ql. The Ql collector current 
flows through 92, which drops most of the 
^CC ^^^^^S^* voltage on Ihe collector 
of Ql, which IS also the base of Q2, Is so 
smaU that Q2 is at cutoff. With Q2 cut off, 
the path for regenerative feedback for the 
oscillator Is broken and the circuit will 
not oscillate. Ql conducting keeps the oscil- 
lator In an "oM" condition. 

3-ld. A negative gate coupled to the base of 
Ql cuts It off. With Ql cut off, the vdtage 
on the base of Q2 returns to ^ forward bias 
value determined R2. The Butler oscil- 
lator now operates, developing an output at the 
collector of QS. 

3-^20. One advantage of the pulsed oscillator 
with regenerative feedback is that the output 
sine wave is not danced; the peak output will 
have the same amplitude for every cycle. This 
feature t>ecomes Important when many cycles 
of the output signal are required. 



ERIC 



3*4 



73 



Chapter 4 



BLOCKING OSCTLLATORS 



4-1. The blocldng oscillator Is a special 
type of ivave generator used to produce a 
narrow pulae, sometimes called a trigger. 
Blocking oscillators have many useSt most 
of which are concerned with the timing of 
some other circuit. They can be used as 
frequency dividers orcountercircultsandfor 
switching other circuits on and oft at specific 
times. TUscbapterdiscussesabasicblocklng 
oscillator circuit and its output wayeforms. 

4-2. Before going into the blocking oscil- 
lator circuit, several general considerations 
which apply to all blocking oscillators need 
to be discussed* 

4^-3. First, the timing pulses of electronic 
circuits have strict requirements. The times 
involved vary from a few hundredths of a 
microsecond to several thousand micro 
seconds. 

4-4. Figure 4^-1 shows two timing pulses. 
The basic requirements are: 

1. Fast rifle time. 

2. Hat top. 
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3. Fast tall time. 

4. S^ecinc and accurately controllable 
frequency. 

4*5. The leading edge of the pulse should 
be as steop as possible; that is, the rise 
time should be short. The top of the pulse 
should be as flat as possible, especially 
when the duration is long. 

4-e. The trailing edge of the pulse should 
also be as steep as possible; that is, the 
fall time should tw short. The FRT should 
be stable and accurately controllable because , 
it determines the pulse recurrence frequency 
(PRF). 

4*7. FW (pulse width) may tw thought of as 
being the <^ratioa in time - usually 
expressed in mXcrosecoads of a pulse* 
the measurement twing made at 70% of the 
peak amplituda. FHT (pulse recurrence time) 
Is the time (usually expressed In micro* 
seconds} between the twglniting of two suc- 
cessive pulse& PRF (pulse recurrence ire* 
quency) is the numtwr of pulses per second^ 
and is the reciprocal of the 
FBT. In a free-runoir^g 
blO(±in>g oscillator, the PW, 
PRT, and pRF are all con* 
trolled fay thtd size of certain 
resistors and capacitors, and 
the operating characteristics 
of thetransformer. Thetrans'- 
former primary determines 
the duration and shape of the 
output. Because of its impor* 
tance in the circuit, let's 
briefly discuss transformer 
action and review series RL 
circuits. 
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Figure 4-1. Timing Pulses 
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Figure 4-2. RL Circuits 

4-6. Figure 4-2A flhowB a transformer with 
resistance In both tbo primary and secondary 
circuits. It Si is dosed, current itfUl flow 
through Rl and LI. As the current rises, 
It Induces a voltage Into L2 and a current 
flows ttirough B3. The voltage across L2 
depends on the turns ratio between LI and L2. 

4->9. The secondary load Impedance^ will 
affect the primary impedancethroughreflec-^ 
tlon from secondary to primary. If we In- 
crease the load on the secondary {decrease 
R2), we also Increase tfaeloadontheprimary. 
&lmllarlyp If we decrease Rl, primary and 
secondary currents Increase. 



4->10. Since Tl has on effective Inductance 
and any change In Rl or R2 will change 
the current, we can show Tl as an Inductor 
and ltl-R2 as a combined or equivalent 
series resistance. The equivalent circuit Is 
shown In Figure 4->2B. It acts as a simple 
series RL circuit, and we can discuss It In 
those terms. 

4-*ll. In the simple series RL circuit, when 
SI is dosed^ L acts as an open at the first 
Instant and the source voltage appears across 
It As current begins to flow, Ej^ decreases 
znA H|{ and I Increase^ all at exponential 
rates. Figure 4->3A shows these curves. In 
a time equal to 9 TIBIE CONSTANTS <5 x 

"kz) the resistor voltage and current will 

be majdmum^ and zero. 

4->12. If we dose 31 In Figure 4->2B ttie 
current wiU follow curve 1 of Figure 4->3A. 
The time required tor the current to reach 
maximum depends on the size of L and R£. 
If Rq is small, then we have a long time 
constant RL circuit It we use only a small 
portion of curve 1 (A to B) then ttie current 
rise would have maximum change In a given 
time period* Farther, the smaller the time 
Increment, the more nearly linear is the 
current rise. A constant current rise through 
the coil is a key factor In a blocking 
oscillator. 

4-13. A basic principle of Inductance Is that^ 
If the rise of current through a coll If' linear, 
that Is, the rate of current rise Is constant 
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Figure 4-3. Voltage Across a OMl 
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Figure 4-4. Blocking Oscillator 

wifb respect to tlme» then the inducedvoltage 
will be constant This is true in both the 
primary and secondary of a tranatormer* 
Figure 4*^38 shows the voltage across the 
coil when the current through it rises at 
a constant rate. Notice that this is similar 
in shape to the timing pulse In Figure 4-1. 

4-14. Nowt We are rea^todlscussa blocking 
osclUator circuit* By definition, a blocking 



oscillator is a special tjrpeofoscillatorwhich 
uses inductive regenerative feedback^ with 
oulput duration and frequency determined by 
the characteristics of a transformer and its 
relationship to the circuit* Figure 4-4 shows 
the schematic diagram of a blocking oscil- 
lator. This is a simpllflod form used to 
discuss circuit operation* 

4-15* When po#er is applied to the circuit 
in ngure 4-4, Rl provides forward bias and 
transistor Ql conducts. Current flowthrough 
Ql and the primary of Tl induces a voltage 
in L2. Itie phasing dots on the transformer 
indicate a 180-degree phase shift* So^ as the 
bottom side of LI is going negative, the bottom 
side of L2 is going positive. The positive 
vdLtage of L2 is coupled to the base of the 
transistor through CI, andQl conducts harder. 
This provides more collector current and 
more current through LI. This action is 
regenerative feedback* Veiy rapidly a voltage 
is applied to the base of the transistor that 
is sitffident to saturate the base. Once the 
base becomes saturated, itloses control over 
ccdlector current. The circuit now can be 
conqpared to a small resistor (Ql) in series 
with a relatively large inductor (LI) or a 
series Ri circuit* 

4-16. The operation of the circuit to this 
point has generated a very steep leadingedge 
of the output pulse. Figure 4-5 shows the 
Idealized cdLlector and base waveforms. 
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Figure 4-5* Idealized Waveforms 
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Figure 4-6. Circuit Damping 

4-17. Once the base of Ql becomes saturated 
the current rise in LI is determined by the 
time constant of Ll and the total series 
resistance. From TO to Tl in Elgure 4*5| 
the current rise will be approximately linear. 
The voltage across Ll will be a constant 
value as long aa the current rise through 
Ll is linear. 

4-18. At time Tl, Ll saturates. At this 
time, there is no change in magnetic flux and, 
thusi no coupling from Ll to L2. CI, which 
has charged during time TO to Tl, will 
now discharge through Rl (Figure 4-4). 
The discharge of CI will place a negative 
vdltage on the base of Ql and cut Ql off- 
This will cause collector current to stop 
and the voltage across Ll returns to.zera 

4-19. The length of time between TO and Tl 
is the pulse width which depends mainly 
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DAMPING DAMPING DAMPING 

A B C 

StSP4'^X3SX 
Figure 4-7. Waveform Damping 



on the characteristics of the transformeri 
and the point that the transformer saturates. 
A traoaformer is chosen that will saturate 
at about 10 percent of the total circuit cur-^ 
rent This insures that the current rise is 
nearly linear. Ttie transformer contirds the 
pulse width because it controls the slope of 
cdilector current rise between points TO and 
Tl, Since TC = L/R, the greater the L, 
the longer the TC. The longer the time 
constant, the elower the rate of current 
rise. When the rate of current rise is slower, 
the vcdtage across Ll is constant for a 
longer time. This primarily determines the 
pulse width. 

4-20. From Tl to T2 (Figure 4-5i transistor 
Ql is held at cutoff by CI discharging 
through R\ (Figure 4-4). The transistor is now 
said to be '"blocked*" As CI gradually loses 
its charge, the voltage on the base of 
gradually returns to a forwardfalas condition. 
At T2, the voltage on the base has become 
sufficiently positive to forward bias Ql, and 
the cycle repeats. 

4-21. The collector waveform may have an 
inductive overshoot or "parasitic oscilla- 
tions" at ihe end of the pulse. When Ql 
cuts ott| current through Ll ceaseei and the 
magnetic Held collapses^ inducing a positive 
voltage at ihe collector of Ql. These oscil- 
lations are not desirable, so some means 
must be employed to reduce them. The trans- 
former primary may have a high DC resist- 
ance, and, thus, a low Q; this will decrease 
the amplitude of these oeelllatlons. It may 
be necessary, howeveritohave more damping 
than a low Q coll alone can achieve. U so, 
a swamping or damping resistor can be placed 
in parallel with Ll, as shown in Figure 4-*6. 

4-22. When an external resistance is placed 
across a tank, the formula for Q of the tank 
circuit is Q = K/Xj^ where R is the equi- 
valent total circuit resistance in parallel 
with L. You can see from the equation that 
the Q in figure 4-6 is directly proportional 
to the damping resistance. Damping resistor 
K2 is used to adjust the Q and» thus, reduce 
the ami^Utude of overabootorparasltlc oscil- 
lations. As R2 Is varied from infinlly toward 
zero, the decreasing resistance wtu load the 
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transformer to the point that mUae ampU- 
tude, piUse width, and PBF are affected. 
If reduced enough, the oscillator v?lll cease 
to fuMtion. By varying different degrees 
of damping can be achieved^ three of which 
are shown in figure 4-7. 

4-23. CRITICAL DAMHNG gives the most 
r^d transient response without overshoot. 
This is accomplished by adjusting R2 to 
achieve a waveform as shown in figure 4-1 B. 
The resistance will be dependent upon the 
Q of tiie transformer. Figure 4-7B shows 
that oscillations, including the overshoot, 
are damped out. 

4-24. UNDER DAMPING gives rapid tran- 
sient response with overshoot caused by high 



or infinite resistance. Figure 4-7A shows 
underdamping. 

4-25. OVER DAMPING is caused by very 
low resistance and gives a slower tran- 
sient response and may reduce the pulse 
amplitude as ebown in figure 4-7C. 

4-2e. The blodEing oscillator we have been 
discussing is a free-running circuit. For 
a fixed FRF, we need some means of sta- 
bilizing the frequency. One method is to 
apply external synchronization triggers. 
Refer to figure 4-8. Coupling capad^ C2 
feeds i^iput synchronization (sync) triggers 
to the base of Ql. 

4-27* If we make the trigger frequency 
sligWay higher than the free-running 
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frequency, the blocking oscillator vill 'lock 
in" at the higher frequency. For infitance, 
assume the free-^runnlng frequency of this 
blocking oscillator is 2 kHz, with a PAT 
of SCO microseconds. If sync pulses with a 
PAT of 400 microseconds or 2.5 kHz are 
applied to the base, the blocking oscillator 
wUl 'lock in" and run at 2.5 kHz. If the 
sync PRT is too high, frequency division will 
occur. This means that if the sync PRT is 
too short, some of the triggers occur when 
the base is fkr below cutoff. The blocking 
oscillator may then synchronize with eveiy 
second or third sync pulse. 

4-28. For example, in Figure 4-8, if trigger 
pulses are applied eveiy 200 microseconds 
(5 kHz), the trigger that appears at Tl is 
not of sufficient amplitude to overcome the 
cutoff bias and turn Ql on. At T2, capacitor 
CI has nearly dischargedandthetrlggerdoes 
cause Ql to conduct. Note, that with 200 



microsecond triggers, the output PRT is 
400 microseconds. The output frequency is, 
thus, one-half the Input trigger pulse fre- 
quency, ^nd this blocking oscillator becomes 
a frequency divider. 

4-29. Refer to Figure 4-6 fortroubleshooting. 

Symptom: Parasitic oscillations present at 
the end of each pulse. 

Cause: R2 maladjusted. 

Symptom: No output pulse. Collector voltage 
of Ql is 0 volts. 

Cause: Q3 shorted or LI open. 

Symptom: No output pulse. Collector volt- 
age of Ql equals V^^. 

Cause: Ql open, or LI or R2 shorted. 
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5*1. Many electronic circuits are not In an 
'W condition all of the time. IhcomputerSf 
for example, waveforms must be turned on 
and off at specific times and for specific 
lengths of time. The time intervals vary 
from tenths of microseconds to several 
thousand microseconds. Square or rectangular 
waveforms provide the switching action* 



5-2. This chapter discusses methods of 
generating square and rectangular waves, 
using multivibrators. There are several 
terms and characterl£tlcsof square and rect- 
angular waves that must be discussed prior 
to the circuitry itself. Let's first review 
terms you alreac^ know; then we will discuss 
new terms. 

5-3- Waveforms 

5-4. A waveform which undergoes a pattern 
of changes, returns to its original value, 
atid re^^ats ttie same pattern of changes, 
is calleaaperlodicwaveform. Eachcompleted 
pattern is called a cycle, and the time for 
each cycle is called the period of the wave*' 
form. The frequency of the waveform is the 
number of cycles or periods completed in 
one second. 

5-5. Figure 5- 1 shows a square wave pattern. 
A square wave is identilied ^ two alter- 



nations, equal in time. The amplitude la 
measured vertically, and the time of a com- 
plete cycle is measured between cor- 
responding points on ttie wave (TO to T2, 
Tl to T3), 

5-6- One altemationiscrftencalleda^pulse-" 
In this case, the time for one complete 
cycle is called the pulse recurrence time 
(PRT). The pulse recurrence frequency (PHF) 
represents how many tlmesasecond the cyde 
repeats itself. In Figure 5-1, If each alter- 
nation were 200 microseconds, the PitT 
would be 400 microseconds and the PHF 
would be 2,500 hertz. 



PHF= ^ anclPfiT= ^ 



5-7, Figure 5-2 shows a typical rectangular 
wave. A rectangular wave has two alter- 
nations, unequal in tlme> (Figure 5-2 shows 
the negative alternation lc»iger than the 
positive, although this could be the other 
way around.) If the negative alternation is 
300 microseconds and ttie positive alternation 
is too microseconds, the PET is 400 micro- 
seconds and the PEF is 2,500 hertz. 

5-8. Another important part of sqMare and 
rectangular waves is the "transient interval" 
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Figure 5-I. Square Waves 
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Figure S-2. Rectangular Waves 
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shown in Figure S-3. It takes time for a 
voltage or current to change In amplitude. 
The transient interval Is the total time 
required to go from 0 volts to 100 percent^ 
or Irom 100 percent erf the applied voltage 
to 0 volts. 

5-0, Transient Intervals occur on the leading 
edge erf the pulse and on the trailing edge 
ot the pulse. 

5-10. Other names used with transient Inter- 
val are "rise time'* and "fall time." Rise 
time of a waveform is defined as the time 
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required for the voltage to build up from 
the 10 percent to the dO percent amplitude 
point. Fall time is the time required for 
the voltage to drop from the 90 percent to the 
10 percent amplitude point. The rise and fall 
times erf a wave are not necessarily equal. 
Figure 5-3 shows rise and fall times erf I 
microsecond when the total transient interval 
is 3 microseconds. 

5-11. Another term Is "pulse width (PW).*' 
This Indicates the length of the pulse In tlme^ 
and is often expressed as the time between 
the half power points (.707 times pulse 
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Figure 5-3. Squaw Wavea with Twwwlent Intervals 
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peak amplitude). Figure 5*3 shows the pulse 
widthi measured at the 70 percent pointSi 
as approximately 16.2microaeconds. Incom- 
puterSi pulse width is the time between the 
two 60 percent amplitude points. 

5*12* You may ask| "Why worry about tran- 
sient interval?" This is a logical question 
and to answer it, look at Figure 5-4- 

5*13, Notice that the PW is 4 microseconds 
(Msec), and the rise time and fall time make 
up a large percentage of the pulse time. 
This is where the transient interval must be 
considered* The pulse may be as small as 
a fraction of a microsecond. Waveforms like 
these should have a very short transient 
interval. Tills waveform is usually called 
a ^'trigger*" A trigger is very narrow, and 
is normally used to turn circuits on or off. 

5-14* Many times a circuit must receive 
square or rectangular waves; in these cases, 
the input coupling circuit must pass the wave 
without distortion. Other times the squareor 
rectangular wave is deliberately distorted. 
Whether the signal is coupled with orwlthout 
distortion depends on the coupling circuit* 

5-15. Figure 5-5 showsasquarewaveapplied 
to a series HC circuit. The waveforms for 
long, medium, and short time constants give 
a good picture of whether the signal is 
distorted or not* Let's analyze these n :ve- 
fDrms in closer detail* 



5-16. With an input square wave that has a 
PRT of 500 microseconds, each alternation 
will be 250 microseconds. The time constant 
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Figure 5-5* Square Wave Applied to ^ HC 
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of X C (TC - RC) must be greater than 
2|500 microseconds to be a long TC. (Hecall 
that a long TC exists when the RC product 
Is 10 or more times the time for one 
alternatlcxi.} For the long TCshownln Figure 
5-5A, notice that e^^ Is very small In ampli- 
tude and efi Is approximately the samesh^e 
and ampltude as the Input signal. An output 
taken across R, then, has little distortion. 

5**17. A medium TC in an ac product that is 
.1 to 10 times the time for one alternation; 
in this case, 25 to 2,500 microseconds. 
Figure 5-5B shows that is larger in 
amplitudei and ep is no longer square. 
An output taken across either component 
is distorted with respect to the input signal. 

5-16. For a short TC, the PC product is 
,1 (or less) of the time for one alternation. 
The waveshapes of Figure 5**5C show how 
resembles the input, but will have rounded 
comers. The voltage across R is greatly 
distorted wh^n compared to the input, ep 
now resembles a trigger, and it can be used 
for this purpose. SOp ify the proper selection 
of components, a square wave canbecoi^ded 
to another circuit without dlstortionioritcan 
be changed into triggers, whichever is 
required. 

5-19. A series PL circuit can do a similar 
Job. Figure 5-6 shows the circuit with the 
same square wave ijnput. Figure 5**6A shows 
a long time constant. Pecall TC ^ 

when the time of ^ is 10 or more times one 

alternation of the wave, we have a long TC. 
e^ is the undlstorted signal and e^ has only 
a small voltage across it. 

5-20. The me'^^um TC of Figure 5-6B has the 
time of the applied square wave alternation 
equal to-^ Both and e^ are distorted 
with re^:^ct to the input. 

5-21. For a short TC, ^ts one tenth (or 
less) of the time for one alternation^ Figure 
5-6C shows the short TC produces areason- 
a^y good square wave across ttie resistor 
and a trigger across the coll. 

5-22. Multivibrators 

5'^3> The type of circuit modt often used 
to g3nerate square or rectangular waives is a 



multivibrator. A multivibrator is basically 
two amplifier circuits arranged with 
regenerative feedback, Usuallyi one <A the 
amplifiers is conducting while the other is 
cut off. 

5*^24. When an input signal is large enough, 
the transistor can be driven into cut off, 
and Its collector voltage will be almost 
^CC* transistor is driven into 

saturation, its collector voltage will beat r'U 
zero vdts. By designing the circuit to make 
transistors go quickly from cut off to latura** 
tlon, a square or rectangular wave can be 
produced. This principle is used in multi** 
vibrators. 

5*25. In generali there are three types 'of 
multivibrators, accor^ilng to the number of 
steacly (stable) states of the circuit. (A 
stead^ state exists when circuit operatibn is 
essentially constant; one transistor iremalns 
In conduction and the other remains cut 
off until an external signal is applied,) The 
three types of multivibrators are: 




Figure 5-6. Square Wave Applied to a 
HL Qrcult 
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Figure 5-7, Astable Multivibrator 

5-26, ASTABLE. This circuit has no stable 
state. With no external signal applied, the 
transistors alternately switch from cut oft 
to saturation* at a frequency determinedly 
the RC time constants of the coupling circuits. 

5-27, MONOSTABLE. As the name implies, 
this circuit has one stable state with one 
transistor conducting and the other cut off. 
A signal must be applied to change this con- 
dition. After a period of time, determined Iv 
the internal HC components, the circuit vdll 
return to its original condition where it 
remains untU the next signal arrives. 

5-28. BISTABLE. This multivibrator has two 
stable states. K remains In one of the stable 
states until a trigger is applied, then it goes 
to the other stable condition to remain there 
until another trigger is applied to change it 
back to its first stable state. 
5-29. Astable Multivibrator 

5-30. The astable multivibrator is used to 
produce square ivave outputs used In gating. 
Due to relatively unstable frequency, in cir- 
cuits where accurate timingisnecessary»the 
frequency Is stabilized Iv using an li^ trig- 
ger - of stable frequency - to begin each 
output square wave. Figure 5-7 shows a 
ccllector-coupled astable multivibrator using 
NPN transistors, connected in a common 
emitter configuration. The collector voltage 
of each transistor is coupled back to the base 
circuit of the other transistor. Thisprovldes 
regenerative feedback, *® 
collector load resistorsj H2 and BZ provide 
the forward bias for the transistors; and CI 
and C2 are the coupling capacitors. As:, jae 
that Ql = 02, m * R4, fi2 = R3 and CI » C2. 



5-31, When Vcc applied, both transistors 
will conduct. Current will flow through the 
load resistors, Rl and R4, and the col- 
lector voltage on each transistor will drop 
to some value below Vcc- ^^^^ ^ 
cults can be exactly balanced, assume Ql 
conducts harder than Q2, causing the col- 
lector voltage of Ql to decrease, C2, as It 
discharges through H3,couplesthis negative* 
going signal to the base of Q2, This negative 
voltage will cause 02 to cut off, and the 
collector voltage of 02 ^vill increase to 
CI charges to Vcc*^'**^^***®^^^^^^*^^^^^ 
junction of 01- 01 is now saturated and 02 
is cut off. Hiis condition continues until C2 
discharges enough to permit the emitter- 
base Junction of 02 to become forward 
Biased* When 02 -itarts to conduct, its 
collector voltage decreases, causing CI to 
discharge through R2. Discharging CI couples 
a negative-going signal to the base of Ol, 
causing it to cut off* As Ql cuts off, its 
coUector voltage increases toward V^c and 
C2 charges to this value. Now, 01 is cut off 
and 02 Is conducting at saturation. The cir- 
cuit remains In this state until CI dis- 
charges encu^ to permit 01 to conduct, and 
the cycle repeats. 

5-32. Figure 5-8 shows the waveshapes for 
Figure 5-7. Note, that when the collector 
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Figure 5*8, Astable Multivibrator Waveshapes 
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voltage of QL is near 0 volts, the collector 
voltage of Q2 is at V^^. These waveshapes 
indicate that Ql is saturated ("on*' condition) 
and Q2 is cut off (''off" condition) from TO 
to TL The opposite conditions are shown 
between Tl and T2 (Ql "off" and Q3 "on"). 
Refer once again to time TO^Tl and note 
that while Q2 is cut off (collector voltage at 
Vcc)» base waveshape for Q2 {^^02^ 
indicates a negative signal, going toward 0 
volts. This waveshape is a result of C2 
discharging through R3» placing a negative 
signal on the base of Q2. Also, the base 
voltage of Ql (TO-Tl) indicates a positive 
voltage which is enough to keep it saturated. 
At Tip Q2 conducts^ causing CI todlscbarge, 
resulting in a negative voltage on the base 
of Ql (Vbqi)* This action causes Ql to cut 
off. From Tl to T2, Ql is cut oU and Q2 
in conducting. The circuit remains in this 
conduction until CI discharges enough to allow 
Ql to conduct, at T2. Note that the collector 
voltage of Ql does not go ImmediatBly to 
\qq when it is cut off. The rounded portion 
of the waveshape is caused by 02 charging 
to Vp^. Therefore, the coupling capacitors 
aife(£ me high frequency response of the 
circuit. 
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5-33, The primary factors affecting the PRF 
and PRT of the circuits are the coupling 
components. The time each transistor is cut 
off depends on its time constant: C1-*R2 
for Ql and C2-R3 for Q2. If CI or R2 is 
increased, the cutoff time of Ql is increased. 

5-*34. Some astable multivibrators must have 
a high degree of frequency stability. A method 
of obtaining a greater degree of frequency 
stability is to apply triggers. Figure 5-9 
shows the schematic diagram of a triggered 
astable multivibrator using PNP transistors. 
At time TO, the negative input trigger to the 
base of Ql causes Ql to go Into satura* 
tlon^ which drives Q2 to cut off. The circuit 
will remain in this condition as long as the 
base voltage of Q2 is positive, determined 
by C3, R3, and R6. Observe the parallel 
paths for C3 to discharge. 

5-35. At time Tl, Q2 comes out of cutoff 
and goes into saturation. Also, Ql comes out 
of saturation and is cut off. The base voltage 
waveform of Ql (Figure 5-9)showsaposltlve 
potential that is holding Ql cutoff. This volt- 
age would normally hold Ql cutoff until a 
point between T2 and T3. However^ at time 
T2, another trigger is applied to the base 
of Ql, causing it to begin conducting. Ql 
goes into saturation and Q2 is cut off. This 
action repeats each time a trigger is applied 
{T2, T4, T6). 

5-36. The Prt of the input triggers must 
be shorter than the natural free-*running 
PRT of the astable multivibrator, or the 
trigger PRF must be slightly higher than the 
free-running PRF of the circuit. This is to 
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make certain the triggers control the PRT 
of the output. 

5-37. Pefer to Figure 5*10 forthedlacusalon 
on trouUesbootlng. Aasume normal operation 
la free running, with a square wave output 
obtained from the cdUector of Q2. 

5-38. Symptom: The negative alternation of 
the output Is longer than normal. 

Cause: The moat logical reason la either 
P2 or C2 has Increased In size. 

S^ymptom: oa 02 la high and on Ql 
la very low. Thia Indicates that Ql Is 
saturated. 

Cause; The moat likely cause la H3orQ2 
open. 

5-39. Moj^5t2fcle Multivibrator 

5-40. The monostable multivibrator Is a 
square or rectangular wave generator with 
one stable conditLon* With no input signal 
(quiescent condition), one ampUUe. conducts 
and the other is cut oft. When an external 
trigger is applied^ the multivibrator will^ 
change state for a period of time determined 
by an PC circuit, and then it will return to 
its stable atate, where it will remain until 
triggered again. One trigger input causes a 
full cycle output* 

5-41. The monoatable multivibrator is used 
where it la necessary to maintain a constant 
frequency (PAF), yet have a variable gate 
output (variable "on" and "oft" times). 
This circuit la frequently used as a "vari- 
able gate generator." 

5-42. Figure 5-11 ahowa amonostablemulti- 
^brator circuit with its oarput waveshape. 
Vhen power is applied to the circuit, Q2 
^mi conduct and Ql will be cut off. 

5-43. Confirm this by checking the forward 
bias arrangement for the translators: The 
Q2 forward blaa la conventional, using R2; 
the Ql Mas uses voltage - divider network 
IW-R4-H5, connected between +Vcc ^^^d 
«Vqq. Since the circuit uses a negative 
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Figure 5-11. Monostable Multivibrator with 
Waveshapes 

Vqq, it is possible for the voltage on the 
base of Ql to be positive OR negative with 
respect to the emitter (ground). When Q2 
conducta, its collector vcdtage is near 0 
voUs; this causes a negative voltage on the 
base of Ql, hcdding it at cut off. The stable 
conditlcHi of the circuit Is Ql cutoff and Q2 
conducting (TO, Figure 5-llB}. 

5-44. The positive input trigger appliedtothe 
base of Ql causes Ql to conduct. The col- 
lector voltage of Ql decreases to almost 0 
volts, and this negative-going signal Is 
coupled by C2 (discharging through H2) to 
the base of Q2, which cuts Q2 o£f. The 
collector vcdtage of QZ now Increasestoward 
+^CC ^^^^ divider R3-R4-R5 con- 

duction results in the base of Ql being posi- 
tive with respect to its emitter. This voltage 
keeps Ql coaducting until C2 discharges 
enough to i^dlow Q2 to conduct once again 
(T2, Figure 5-llB). When Q2 conducts, its 
collector voltage decreases, and thcf base of 
Ql becomes negative, resultlnglnQlbelngcut 
off. The circuit Is again in its quiescent 
condition^ and it will remain there until 
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Figure 5-12. Monostable Multivibrator 
Wavefonnis with Variable Gate 

another trigger Is applied (T3, Figure 
5*UB}. 

5-45. The output frequenqy Is controlled 
the input trigger frequency. Intexmlly, the 
point at whldi the circuit returns to the 
stable state determines the gate width; this 



Is controlled the RC time constant of C2 
and R2. figure 5->l2 shows the relationship 
between the trigger and output signal. Part 
A shows the input triggers; parts fi and C 
Ulustrate different gate widths. Notice that, 
while the duration of the gate is different, 
the duration of the complete cycle n the 
same as the trigger PRT. Part i> of if lgure 
5*12 indicates that the trailing edge of the 
positive alternation is variable. 



5*46. Another version of the monostable multi- 
vibrator is shown in Figure 5-13. In Its 
stable condition (at TO), Ql is cut off and 
Q2 is conducting* The input trigger (positive 
pulse at Tl), applied to the collector of QL 
at^d coupled Cl to the base of Q2, cuts 
Q2 off, and the collector voltage of Q2 will 
go toward '^co t&ore negative voltage 
at the collector of Q2 will forward Mas Ql, 
and collector voltage of Ql will go to about 
0 volts. CI will now discharge and keep Q2 
cut off. Q2 remains cutoff until CI discharges 
enough to allow Q2 to conduct again (T2X 
When Q2 conducts agaln^ its collector voltage 
will go toward 0 volts and Ql will be cut 
off. Thus, the circuit returns to Itsqulescent 
state and has completed a cycle. The clr- 
ctxlt will remain in this stable state untU 
the next trigger arrives (T3). 
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Figure 5-13. Monostable Multivibrator 
with Waveshapes 



5-47. Note that H3 Is variable to allow 
adjustment of the gate width. Increasing R3 
increases the discharge time for CI which 
increases the cutoff time for Q2. Making 
B3 larger, therefore, widens the gate. To 
decrease the gate width, decrease H3. 

5-48. The following symptoms vrlll be caused 
the component listed* Use Figure 5-13. 

No output waveshape } No input triggers, CI 



V^Ql High VcQ2 Low 



No ou^ut waveshape 
Vc Ql Low V(,Q2 High 

Nb output waveAape 
Vc Ql Low VcQ2Low 



openpl'open, R4 open 
R5 open^ or Rl short. 

R2 open^ R3 open, Q2 
open^ or R5 short. 

Rl open, Cl short, or 
Ql short. 
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Ftsure 5-14. Bistable Multivibrator with 
Qrcult Values Indicated 

S-49. Bistable Multivibrator 

5-60. The bistable circuity asthetiameimpUes^ 
has two stable statea. If a trigger of the 
correct polarity and amplitude is aiq;)Ued^ the 
circuit will change state and remain there 
until triggered again. The trigger need not 
have fixed PRF; in toct, triggers from dif- 
ferent sources^ occurring at diflerent times^ 
can be used to switch this circuit* The bi- 
stable multivibrator is used extensively as a 
counter and storage register in digital 
equipment. 

5-51. The bistable multivibrator circuit is 
shown in Figure 5-14. In this circuit Rl and 
H7 are the collector load resistors. Voltage 
dividers R1-R2-R5 and R7-R6-R3provide for- 
ward bias for Q2 and Ql and also couple the 
collector signal from one transistortotbe base 
of the other. Observe that this is direct 
coupling of the feedback. This type of coupling 
is required because the circuit depends on 
input triggers for operation and not RC time 
constants inside the circuit. Both transistors 
use common emitter resistor A4 which pro- 
vides emitter coupling. CI and C2 couple 
the input triggers to the transistor bases, 

5-52. Notice that the circuit is nearly rrm-* 
metrical^ since each transistor amplifier has 



the same component values. When power is 
first applied, the voltage divider networks 
place a negative voltage at the bases of Ql 
and Q2. Both transistors have forward bias 
and both conduct. 

5-53. Due to the slight difference between the 
two circuits^ One transistor will conduct harder 
than the other. Assume that Ql conducts harder 
than Q2. The increased conduction of Ql causes 
the collector voltage of Ql to be less negative 
(more voltage drop across HI . This decreases 
the forward bias of Q2 and decreases the 
conduction of Q2. When Q2 conducts less» its 
collector voltage goes more negative. The 
negative-going change at the collector of ^ 
is coupled to the base of Ql and causes Ql 
to conductstillharder. This regenerative action 
continues unil Q2iscutofXandQlis saturated 
The circuit is then in a stable state and will 
remain there until a trigger is applied 

5-54. At TOf Figure 5-15> current through Ql 
causes a IV drop across R4} which places a 
-IV potential on the Q2 emitter. The col- 
lector of Ql is at -2V» which is dropped 
across R2 and R5) so that the base of Q2 is 
*0.9V. With its base at -0.9V and emitter at 
*1V» Q2 is reverse-biased (cut off). Note the 
Q2 coUector is at 11.7V (0.3V drop across R7) 
and the Ql base potential is -1.3Vf makl.ng 
a 10.4V drop across R6 due to Ql base-to* 
emitter current. 
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Figure 5-15- Waveshapes for Figure 5-14. 
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Figure 5-16. High Frequenc? Compensation Network 



5-55. At Tl} at negative trigger ie applied to 
botb baaes through Cl and C2. The trigger 
does not affect Ql since It Is already con- 
ducting. The trigger overcomes cutoff bias 
on Q2 and causes It to conduct. As Q2 goes 
Into conduction. Its collector rises to '*2 volts. 
The positive going change at ttie Q2 collector 
causes reverse bias on Ql and its collector 
voltage drops to -11*7 vdts. The switching 
action causes a veiy rapid change of state with 
Q2 now conducting and Ql now cut off. 



5-56. At T2, a negative trigger is again 
applied to both bases. This time Ql is brought 
Into conduction and ttie regenerative switching 



action cuts Q2. The bistable multivibrator 
will continue to change states sls long as 
triggers are applied. Notice that two input 
triggers are required to produce one gate; 
One to turn it on and the other to turn it oft. 
The input trigger frequency is twice theoutput 
frequency. 

5-57. The transient Interval (the time it takes 
the transistor to go from cut off to satura- 
tion, or vice versa) is limited by ttie inter- 
element capacitance between the base and 
emitter (C^i^). The switching action can be no 
faster Iban ttie time required to charge the 
Inter^ement capacitance. Thisleadsto rounded 
comers of the waveforms. It also represents 
loss of the blgh frequency components of the 
square or rectangular waves. 
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6*66. In Figure $-16, the baee circuit of Q2 
(Flffura 6-14) la r«drawn. The bue voltage on 
Q3 can change only at the rate that C^b charges. 
To charge C^b current must flow through HI 
and A2* TUe eets up an RC time constant, 
'nie load realetor is relatively smaU (2.2k) 
and Cqi, la relatively email (a fewplcofarads). 
But M la large (3dk), which makes the time 
constant long enough to cause rounding of the 
comers. Ibis Is referredtoaa "high frequency 
losa." 

5-59. To aUow the Interulement capacitance 
to charge faster^ the opposition In Its charge 
path must be reduced. A method commonly 
used Is to bypass R2 with a capacitor. Figure 
9-16B ehowa C3 connected across R2. C3 Is 
a low Impedance to the high frequency com* 
ponent of the square wave. C3 effectively 
removes R2 from the circuit during a fast 
change, and allows to charge faster, re- 
ducing the rounded comers of the output 
waveshape. 

5-60. Refer to Figure 5«14fortroublesbootlng. 

Symptom: Positive triggers at the collector of 
Ql, and negative triggers at the frequency 
of the Input triggers at the collector of Q2. 

Cause: R6 open* Ql wUl be cut ^ Q2 
will be conducting. Negative triggers are 
amplified and Inverted by Ql aind cause Q2 
to cut off for the duration of the triggers. 
No gate Is produced due to the absence of 
feedback. 

Symptom: Ql collector to ground measures 0 
volts* Positive-going triggers at the col- 
lector of Q2. 

Cause: Most likely Rl Is open. With Rl open, 
Ql has no direct path for current flow. Tlie 
base of Q2 Is at ground potential through 
R5. Negative input triggers cause Q2 to 
conduct but no feedback occurs. 

5-61. SCHMITT TRIGGER 

5*62. Usually as a result of the effects of 
stray capacitance^ square and/or rectangular 
wave signals tend to become rounded on the 
leading and lagging edges. When this happens^ 



a Schmitt Trigger circuit can be used to 
restore the signal to Its original ahape. 

6-63. Operational charaoteristlcaof the Sdimut 
Trigger are very similar tothe multivibrators 
you have Just studied* However, the few basic 
differences can be readily seen by observing 
Figure 5-17. 

5-64. Note in this circuit that, like the multl* 
vibrators, coupling la provided between the 
collector of Ql and base of 02* However, 
unlike the multivibrators, no coupling Is 
provided from the collector of Q2 to the base 
of Ql* But, coupling Is provided from Q2 to 
Ql, and from Ql to Q2 through common 
emitter resistor^ RT. 

5-6$. FOr the present, disregard the Input and 
output signals. Note that the base of Ql is tied 
to a positive voltage through R2, and the 
emitter Is tied to a negative voltage caused 
by the current flowing through Q2 and R7. 
Therefore, Ql Is reverse biased and cut off. 
VqQi then, without anlnputslgnal,lsapproxi- 
mately equal to *Vcc* Q2, on the other hand. 
Is biased very near (or at) saturation by the 
current flowlngf rom -Vq^, through R3, through 
R4, through the emltter-oase junction ofQ2, 
through R7, to +Ve;£* And, VqQ2 Is very near 
zero volts without an Input signal. 

5-66. Now, apply the Input signal to the base 
of QL Originally, the negative going signal Is 
Insufficient to overcome the reverse bias on 
Ql. However, at TO of the Input signal, the 
amplitude Is sufficient to cause conduction of Ql . 
Ql becomes saturated and V^Ql very nearly 
equals zero volts. The combination of change 
In VqQI and +VpQ on the base of Q2, cuts 
Q2 off; and VqQs very nearly equals ^Vqq, 

5-67. At Tl of the Input signal, the amplitude 
Is reduced to the point that Ql again cuts off, 
and VqQI returns to near -Vqc This change 
Is coupled to the base of Q2; Q2 becomes 
saturated^ and VcQ2 returns to very nearly 
zero volts. 

5-68. CI In this circuit Is for the same pur* 
pose as the high frequency compensating 
capacitors you studied In the BlstaUe multl* 
vibrator. For high frequency changes ontheQJ 
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collector, Cl bypasses and allows these 
chatiges to be felt immediately on the base of 
Q2, therel^y preventing "rounding'' of the 
signal we are trying to make square. 

5-69. The input and mtpat signals of Figure 
S*17 show a fairly accurate picture of what 
the Schmitt Trigger does, l^e rounded input 
signal is changed to a square wave of approxi- 
mately the same pulse width and PRT. 

S*70. Schmitt Trigger circuits are also widely 
used as vdtage-level sensing circuits. When 
so used, if the input voltage rises above or 
falls below a specified level, the Schmitt 
Trigger produces an output; and, the output 
signal produced wouldactlvateawaming device. 

S*71. Troubleshooting theSchmlttTrlggerclr* 
cuit ie simple If you have mastered amplifier 
principles and the troubleshooting techniques 
of other circuits prevlou^y studied. However, 
the following ^mptoms, causes, and reasons 
should serve as a good review. 

Symptom; No output; VcQ2 remains very near, 
or at, zero vdLts. 

Causes: (l) R6 open. All of Vcc v^uld be 
dropped across H6, leaving none to be 
drCOTed across Q2. 

(2) B3 shorted. In this case, VcQi would 
remain at *V^q keeping Q2 saturated, 
and V(M32 very nearly equal to zero volts. 

(3) R4 or Cl shorted. These two components 
are in parallel; therefore, if either is 
shorted, both are shorted. And, with this 
reduction in resistance between the col- 



lector of Ql and base of Q2, forward blae 
on Q2 would be increased to the point that 
the input signal would not cause Q2 to cut- 
off. There is also ^ good possibility that 
this malfunction would cause structure break- 
down of Q2. 

Symptom; No output; VqQ2 Is at or very near 
'^CC* 

Causes (1) R6 shorted. A shorted R6 would 
drop no voltage, leaving all of -V^^^^tobe 
dirppped across 02. 

(2) R3, R4p or R7 open. With either of 
these resistors open, there would not be a 
complete path for forward bias current. 
Q2 would be cutoff ^ VcQ2 would be 
very nearly equal to -V^j^ 

(3) 02 open. Applied voltage (*V^^ in this 
case) is dropped across an open component. 

Symptom: V^^Ol remains at or near -'Vq^ 
Vc02 remains at or near zero vdLts. 

cause: (1) Rl Open. Input signal blocked. 

(2) 01 open. Self-explanatory. 

(3) R2 shorted. Reverse bias would be too 
high ('^'Vbb on N type base) for input signal 
to overcome. 

Symptom: High frequency distortion (rounded 
edges) in output. 

Cause; Cl open. Review paragraph 5-67 
above for explanation. 
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TIME BASE GENERATORS 



6-1. Radar sets^ oscilloscopes^ and computer 
circuits all use sawtooth (voltage or current) 
waveforms- Sawtooth waveshapes must have 
linear rise characteristics. The sawtooth wave* 
form is often used to produce a uniform^ 
progressive movement of an electron beam 
across the face of an electrostatic cathode 
ray tutw- The movement of the electron beam 
is called a ''sweep." The voltage which 
causes this movement Is a sweep voltage, and 
the circuit which produces the sawtooth is 
called 31 sweep generator, or time base gene^ 
rator. Most common types of time base gene- 
rators develop the sawtooth waveform with 
either the charge or discharge of an RC or 
RL circuity using some type of switching 
action. 

6-2. Sawtooth Wave 

6-3. A sawtooth wave can be generated by the 
use of an RC network. Possibly the simplest 
sawtooth generator is that which is shown in 
Figure 6*1A. Assume that at time TO, SI is 
placed in position A. At the first instant, 
Ea appears across R; C begins to charge 
toward Ea through If SI remains closed 
long enough, C will charge to Ea- You remember 
that It takes 5 time constants for a capacitor 
to fully charge. In charging the capacitor 



£. 




to the applied voltage, the rate of charge 
follows an exponential curve. If we desire 
a linear voltage^ we cannot use the full charge 
of a capacitor. 

6-4. During the first to percent of th.e charge 
curve, the rate of voltage change across the 
capacitor is almost constant. In Figure 6-lA, 
suppose that we place SI in position A at time 
TO and allow C to charge for *1 time con- 
stants. This is shown as TO to Tl in Figure 
6-lB. Notice that the rate of voltage change 
across C is nearly constant between time 
TO and Tl. Now, assume that at Tl we move 
the switch from position A to position B. This 
shorts out the capacitor and it discharges 
very rapidly- If we place the switch back in 
position A, the capacitor will start charging 
agaici. 

6-5. By selecting the size of R and C, we can 
have a time constant of any value we desire. 
Further, by controlling the time SI Is left 
closed^ we can have a sawtooth of any duration. 
In Figure 6-3, if one time constant is t,000 
microseconds, to obtain a reasonably linear 
sawtooth, SI should be closed no longer than 
100 microseconds. In this example, CI would 
charge to nearly 10 volts m J time constant. 

6-6^ There are some special names andterms 
associated with the sawtooth U3ed in oscil- 
oscopes, so let's define terms before going 
any further. Figure 6-2 shows a sawtooth 




Figure 6-1. Series RC Qrcuit 



Figure 6-2. Sawtooth 
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Figure 6-3. Unlvereal Time Constant Chart 



waveform with vErlouB<Umenslonslabeled,The 
duration of the rise of vintage (TO to Tl) 
18 called the aweep time or electrical length. 
It la during this time that ttie electron beam 
of an oecUloacope moves acroaa the face atthe 
cathode ray tube. The amount of voltage rise 
per unit of time la referred to as the slope 
of the waveform. The time from Tl to T2 
is the capacitor discharge time and is called 
"fall'' time or "flyback'' time. The reasonfor 
the name flyback time ia that the electron beam 
returns or '^'flles'' back to the origin during 
thta time. 



length because the greater the peakvoltagethe 
greater the physical distance the beam will 
move. For example, it takes twice the voltage 
to move an electron beam 4 inches as it does 
to move the beam 2 inches acroaa the face of 
a given CRT. 

6-8. The voltage rise between TO to Tl is the 
slope of the wave. The Unearily of the rise 
of voltage is determined l3y the amount of time 
the capacitor is allowed to charge. By keeping 
the time for charge short (10 percent or less 
of one TC) the linearity is reasonably good. 



6-7. The amplitude of the rise of voltage la 6-9. In the discussion of time base generators, 
called the physical length. It is called physical it was stated that the waveform produced/rom 
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Figure 6-4. Transistor Sawtooth Generator 
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any sawtooth generator muat be LINEAR. A 
linear sawtooth Is one that has an equal change 
In voltage for an equal change In time. Refer- 
ring to the Universal Time Cdnatant Chart In 
Figure \f we fiod that the most desirable 
part of ttie charge curve Is the first oae- 
tenth (.1) of the first TC. 

6-10. Referring toflgure 6-4A» a Transistor 
Sawtooth Generator, Rl is a forward biasing 
resistor for Ql, Cl Is a coupling capacitor, 
^1 Is serving as a switch for the RC network 
consisting of £12 and C2. With forward hlas 
applied to Ql, It will be conducting at satura- 
tion and Its collector vdtage (the output) 
will be near zero volts as indicated the 
waveform (figure 6-4B). The charge felt 1^ Cl 
will be near zero. In order to cut Ql off and 
allow C2 to charge, a negative gate is applied 
to the base of Ql. The length of time that the 
gate Is negative will determine how long Ql 
will remain cut oft and In turn, how long C2 
will be allowed to charge. The length of time 
that C2 Is charging Is referred to as the 
ELECTRICAL LENGTH of the sawtooth thatls 
produced. 

6-11. The amplitude of the sawtooth that Is 
produced Is a direct function of the value of 
^CC ^^^^ ^ circuit. As an 



example, if the vdtage is -1-307 and the capacitor 
is allowed to charge to 10% of 30V, then the 
amplitude of the sawtooth be 3V (see 
Flgure6.4XIf Vcc 1^ increased to 40V, C2 
would charge to 10% of 40V and the output 
would Increase In amplitude to 4V. Changing 
the value of VcC 1" the circuit will change 
the amplitude of the sawtooth waveform that 
is produced, and amplitude determines the 
PHYSICAL LENGTH. Since the numberoftlme 
constants used in the circuit has not been 
changed, LINEARITY will NOT change with a 
change In V^c- 

6-12. The LINEAR slope that is produced 1^ 
the circuit is dependent on two variables; 
the time constant (TC) of the RC circuit and 
the CATC LENGTH of the gate applied to the 
circuit. For the circuit to produce a LINEAR 
sawtooth waveshape the components selected 
should be such that only one-tenth of one TC 
or less is used. The length of time that the 
gate is applied to the circuit will control the 
time that the capacitor is allowed to charge. 
The value of R2 and C2 will determine the 
time for one time constant (TC^^RC). To 
determine the number of time constants (or 
the fraction of one TC) that are used, we 
divide the time for one time constant into the 
time that the capacitor is allowed to charge. 
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or #TC = In figure 6.4B, gate 

length is 500 microseconds and TC la the 

product of R2 (5k) and C2 (1 uf). The number 

500 X 10"^ 
Of time constants #TC " — ^ and 



5 xlO 



therefore, #TC = 



6-13, Using the formula #TC= ^^^^^^ ^ 

la seen that with an Increase In gate length, 
the numt>er of time constants will Increase. 
^Vlth an Increase In the number of time 
constants, LINEAfaTY will decrease. The 
reason for this is that C2 now charges to a 
greater percentage of the applied voltage anda 
portion of the charge curve Is being used that 
Is less linear. Observing the waveform In 
figure 6-5A^ we see an increase In amplitude 
(PHYSICAL LENGTH), an Increase In the time 
that C2 Is allowed to charge (ELECTRICAL 
length) and a decrease in LINEAfaTY. It 
gate length Is decreased, figure 6-5B, there Is 
an Increase in LINEARITYi a decrease In the 
time that C2 is allowedto charge (.ELECTRICAL 
LENGTH), and a decrease in amplitude (PHY- 
SICAL LENGTH), as a result of using a 
smaller percentage of ^qq^ 

6-14. Changing the value of B and C In the 
circuit affect LINEARITY since they control 



the time for one time constant. Example: 
Bylncreaslngthe value of C2 In the circuit* 
Figure 6-6A» the time for one time constant 
would Increase andthe number of time constants 
would then decrease. With a decrease In the 
number of time constants* LINEARITY wUl 
Increase. The reascm for this Is that a smaller 
percentage of V^C used, and the circuit is 
operating in a more linear portion of the 
charge curve. In Increasing the value of the 
TC (C2 or R2), the amplitude of the saw- 
tooth (PHYSICAL LENGTH)decrease. ^cause 
C2 now charges to a smaller percentage of 
VCC for a given time. ELECTBICAL LENGTH 
remains the same because we have not changed 
the lengtti of time tliat C2 is allowed to charge. 

6-lS. Decreasing tlie value of the TC (B2 
or C2)» figure 6*6B, will result in an increase 
in the number of time constants and tiiere- 
fore cause LINEAaiFY to decrease. Anytime 
there is an increase In the number of time 
constants, percentage of charge will increase 
(Universal Time Constant Chart), and ampli- 
tude (PHYSICAL LENGTH)wlllincrease. With- 
out an increase in gate length, the time that 
C2 is allowed to charge through R2 remains 
the same» therefore ELECTRICAL LENGTH 
remains the same. LINEARITY will be affected 
by gate length* ^Jie value of R, and tlie value 
of C but will not be affected by changing the 
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Figure 6-6. Pelatlonshlp of R and C to Linearity 
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Figure 6-7. Sawtooth Generator 



val>»e of V^c^ Increaeing the gate length iwill 
decrease LINEARITY and decreasing gate 
length will increase LINEARITY. Increasing 
R or C in the circuit will Increase LINEARITY 
and decreasing R or C in the circuit will 
decrease LINEARITY. 

6-16. Ihe entire time of the sawtooth, from 
the point where the capacitor begins charging 
(TOf Figure 6-7) to the point where it starts 
charging again (T2)p is the PRT of the wave. 
The frequency of the sawtooth wave is equal 

to one over the time, or PRF- g~' 

6-17. Unijunction Sawtooth Generator 

6-18. So far, we have determined that a 
switch and an RC network can generate a 
sawtooth waveform. When using a unijunction 
transistor as the switch, a simple sawtooth 
generator looks like the circuit In Figure 
6-7Ap and the output waveshape like Figure 
6-7B. 

6-19. When the plus 20 volts is applied across 
B2 and Bl, the voltage distributes evenly, 
and a voltage of 12.8 volts appears at the N 
type bar near the emitter. At the first Instant, 
CI has no voltage acr03S it so the output of 
the circuit, whlchistakenacrossthecapacit'^r, 
is equal to zero. The voltage across CI is 



also the voltage that is applied to tfee emitter 
of the unljunctloa. The unijunction is now 
reverse biased. After time TO, CI begins to 
charge toward 20 volts. 

6-20. At time Tl, the voltage across the 
capacitor (ttie voltage on the emitter) has 
reached about 12.8 volts. Ttiie is the peak 
point for the unijunction, and it now t>ecomes 
forward t>iased. With the emitter forward 
biased, the impedance between emitter and Bl 
is now just a few ohms. This is similar to 
placing a short across the capacitor. The 
capacitor discharges very rapidly through 
the low resistance of Bl to E. 

6-21. As CI discharges, its voltage decreases 
and the voltage from emitter to Bl also 
decreases. QI will continue to be forward 
biased as long as the voltage across CI is 
larger than the valley point of the unijunction. 

6-22. At time T2 the 3-volt valley point of the 
unijunction has t>een reached. Now, the emitter 
tKComes reverse biased and the Impedance 
from emitter to Bl returns to a high value. 
Immediately aftertlme T2, Ql is reverse t>ias. ^ 
and the capacitor has a charge of approxi- 
mately 3 volts. CI will now start lo chai^ 
toward 20 volt as it did originally. This is 
shown from T2 to T3 in Figure 6*7B« 
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linear sweep voltage. Our linearity la very 
poor in this example. 

6-25. The electrical length (sweep ame)» 
which Is measured from T2 to T3, can be 
found by multiplying R x C x the number of 
time constants. Refer to a Universal Time 
Constant Chart to find that 57 percent is 
.83 TC. Multiplying ,83 x Rl x CI youinrill 
find that the electrical length is about 20 
milUseconds. 

6-26. The physical length (ampUtude)ls deter- 
mined by subtracting the valley point from the 
peak point This is 9,8 volts in our example. 

6-27. For a sweep generator that produces 
a more linear output sawtooth waveform^ refer 
to the circuit in Figure 6-8A. Rl and Cl 
form the RC time constant. Notice that the 
capacitor charges toward 35 volts in this 
circuit. 



Figure 6-8- Improved Sawtooth Generator 

6-23. The circuit operation /rom now onis Just 
a continuous repetition of the actions between 
T2 and T3. The capacitor charges until the 
emitter becomes forward biased, then the uni- 
junction conducts and Cl discharges^ then Qt 
becomes reverse biased and ci again starts 
charging. 

6-24. Now» let's determine the linearity, 
electrical lengthy and amplitude of the output 
waveform. Flrst» the linearity: U Cl were 
allowed to charge to the fUll 20 vblts» it would 
take 5 time constants {R x C x 5). In the 
circuit in Figure 6-7B. Cl is allowed to 
charge from T2 to T3. To find the per- 
centage of charger use the equation; 



E peak - E valley 



- E 



X 100 = 



valley 



X 100 = 



12.8 - 3 
20-3 

^ xlOO 

This works out to be about 57 percent. This 
Is far beyond the 10 percent required for a 



6-28. The output waveform is shown in Figure 
6-f)B. With a lower voltage i:ppUed from 
BASE 1 to BASE 2» the peak and valley 
points are closer together. Calculating the 
percentage of charge: 



E - E 
P V 

E« - E 
a V 



X 100 = 



5.3 - 2 
35-2 



X 100 = 



2^ X 100 '10% 



„ INPUT 




Figure Synctironized Sawtooth Generator 
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Linearity is good* Using a Universal Time 
Constant Chart, 10 percent charge amounts to 
J time constant* The electrical length is, 
again, R x C times the number of time 
constants* With Rl being 3001c ohms and CI 
being *005 microfarad^ the time cOni9tant is 
1500 microseconds* One tenth of a time 
constant is equal to ISO microseconds, so the 
electrical length is 150 microseconds* FHT 
is the electrical length plus the fall or fly* 
back time* If it takes 15 microseconds for 
CI to discharge from 5*3 volts to 2 volts, 
FRT is 150 + IS, or 165 microseconds* 

The frequency is pRt or about 6 kHz* 

6-29* To obtain a very stable PRF some 
unijunction circuits are triggered* method 
is to apply triggers to BASE 2; see Figure 
6-5* Negative triggers applied to B2 reduce 
the interbase voltage enough to causeaforward 
bias condition in the emitter circuit* This 
cuts off the sweep and allows CI to discharge 
through the Bl-to-emitter circuit* Then, CI 
recharges until the next trigger arrives, and 
CI discharges* 

6-30* Transistor Sawtooth Generator 
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6-31* Our next sawtooth generator uses a 
conventional FNP transistor, see figure 6-10* 
^e still use an RC network, and the tran- 
sistor provides the switching action* 

6-32. The waveforms for the circuit are shown 
in figure 6-lOB and C* With no input signals, 
Ql is tizaed near saturation by Rl^ The 
voltage across CI is very low (-2*5 volts) 
because load resistor R3' drops most of the 
applied voltage* The transistor must be cut 
off to allow CI to charge. To cut Ql off, 
we use a positive rectangular wave* 

6-33. Since Ql is a FNP transistor, a positive 
voltage must be used to drive it to cutoff* 
Figure 6^10B shows a rectangular wave input, 
500 microseconds long on the positive alter- 
nation and 200 microseconds long on the nega* 
tive alternation. At time TO, the positive gate 
applied to the base of Ql cuts Qt off* This 
effectively removes the transistor from the 
circuit (opens the switch), and CI chz^^es 
through R3 toward 20 volts. Starting with a 



Figure 6-10* Transistor Sawtooth Generator 

charge of -2*5 volts at time TO, CI charges 
(TO to Tl) for 500 microseconds to -4*25 
volts at time Tl* Let's determine the percent 
of charge: 



max • min 

^cc - 



X 100 = 



4.25 " 2.5 
20 - 2.5" 



X 100 = 



X 100 = 10% 

17.5 

This, then, is nearly a linear rise of voltage 
across CI. 

6-34. Increasic^ the value of RZ or CI will 
increase the time constant. The capacitor will 
not charge to as high a voltage in the same 
period of time. Decreasing the width of the 
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Figure 6-*L0. Trapezoidal Waveform 

gate* and maintaining the same time constant^ 
wUI also prevent the capacitor from charging 
as much. With less charge on the capacitor* 
and the same voltage applied, linearity has 
been Improved. Decreasing H3* CI, or In* 
creasing gate width will decrease linearity. 
Changing the applied voltage ^1 change the 
charge on the capacitor. The percentage of 
charge will remain constant; ho',srevi*r, not 
affecting linearity. 

6-35. At time Tl* the positive alternation of 
the Input gate ends* and Ql returns to a 
forward bias condttioti. A transistor that Is 
near saturation has vety low resistance* so CI 
discharges rapidly between Tl and T2, see 
figure 6*-10C. The capacitor discharges Inless 
time than 200 microseconds* the length of the 
negative alternation of the gate. To Insurethat 
the circuit has returned to its original con- 
dition* the negative gate Is made longer than 
the capacitor's discharge time. 

6-36. From time Tl to T2, the capacitor 
discharges and the circuit returns to Its 
original condition* ready for another positive 
gate to arrive. The next positive gate arrives 
at T2 and the actions repeat. 

6-37. The amplitude of the output sawtooth 
wave is equal to 1.75 volts (4.25 volts minus 
2.5 volts). The electrical length Is the same 
as tlie positive alternation of the Input gate* 
or 500 microseconds. The PRT is 700 micro- 
seconds (500 + 200) and the PHF Is or 
1,428 h«rtz. 





Figure 6-12. Series LR Circuit 

Normally, oscilloscopes andsynchroscppesuse 
' 'electrostatic deflection'' and, as the name 
implies* electrostatic fields move tlie electron 
beam. The need here Is for a sawtooth voltage 
waveform. 

6-39. Another method of electron l)eam deflec- 
tion is ' 'electro-magnetic deflection.** Oir* 
rents through a coil produce electromagnetic 
fields* which position the beam of electrons. 
The electromagnetic system requires a saw- 
tooth of current. Current must increase at a 
linear rate. Because of tbelnherent character- 
istics of a coil* a sawtooth of voltage does 
not cause ^ linear rise of current. A linear 
rise of current requlresaTRAPEZOIDvoltage 
waveform applied to a c<^. This section dis- 
cusses the generation of a trapezoidal wave. 

6-40. Figure 6-11 shows a trapezoid wave. 
The wave consists of a sharp* almost Instant- 
aneous* Jump in voltage followed by a linear 
rise to tom^ P^tii^ value. The initial change 
in voltftgf at time TO Is called a '*Jump" or 
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"step/' The Jump Is followed by a linear 
sawtooth voltage rise. The time from the 
Jump to the point where tho ptMk value occurH 
le th« electrical lengths Th« peak amplitude 
Is the Slim of the Jump voltage and the saw- 
tooth peak vQlts^^e. The waveshape can be con- 
sidered a combination of a rectangular wave 
and a savrtooth wave. 

6-4L The Inductance and resistance of a coil 
form a series flL circuit. The /oltage drop 
across this inductance and resistance must 
be added to obtain the voltage waveform 
required to produce a linear rise In current. 
A linear rise of current produces a linear 
rl3e of voltage across the resistance of the 
coll, and a constant voltage drop across the 
inductance of the colL 

6-42JAssume figure 6-12A represents deflec- 
tion coils. If we apply a voltage waveshape to 
the clrcV.lt which will provide a square wave 
across inductor L and a savrtooth across 
resistor then a linear current rise will 
result. 

6-43. Part B of figure 6-12 shows the wave- 
forms when is a square wave. Recall that 
the Inductor acts as an open at the first 
instant. Current now starts to flow and develops 
a voltage across the resistor. With a square 
jvave applied, the voltage across the Inductor 
would start to drop as soon as ai^ voltage 
appears across the resistor. This Is due to 
the fact that the voltage across the Inductor 
and resistor must add up to the applied 
voltage. 

6-44. With being atrapezoidal voltage, Fig- 
ure 6- 12C» the Instant current flows and a volt- 
age appears across the resistor, the applied 
voltage increases. With an increasing applied 
voltage, the Inductor voltage remains constant 
(E^) at the Jump level and circuit current 
(Ep, I) «ill rise at a linear rate from the 
jump voltage point Notice that if you add the 
Inductor voltage (El) andresistorvoltage (E^^) 
at ^ny point between time TO and Tl, the sum 
Is the applied voltage. The key fact here is 
that a trapezoid of voltage must be applied 
to a sweep coil to luse a LINEAR RU>E 
OF CURRENT. The linear rise of current 
will cavse a uniformly changing magnetic field 



9/ 

which, in turn, will cause an electron beam to 
move at a constant rate acroeo a CRT, 

6-45, Tliere are many way« to g<>nerjAte a 
trapezoidal waveshape. For example, the rect- 
angular part could be generated In one circuit, 
the sawtooth portion in another and the two 
combined in still a third circuit, A far easier 
and less complex my is to use an RC cir- 
cuit In combination with a transistor to 
generate the trapezoidal waveshape in one 
stage ^ 

6-46. Figure 6-13A shows the schematic diagram 
of a trapezoid generator, and the waveshapes 
for the circuit are In figure 6-l3B» Rl provides 
forward bias for Ql and, without an input gate, 
Ql conducts very hard (near saturation), CI 
couples the Input gate signal to the base of 
Ql. fi2, R3, and C2 form the RC network 
which torms the trapezoid wave. The output 
is taken across R3 and C2. 

6-47. With Ql conducting very hard, col- 
lector voltage is near zero volts prior to the 
gate being applied. The voltage across H2 
is about 50 volts which means there is no 
voltage across R3 and no charge on C2. 

6-48. At time TO, the negative alternation of 
the Input gate is applied to the base of Qt, 
driving it Into cutoff* At this time the tran- 
sistor Is effectively removed from the circuit. 
The circuit Is now a series RC network with 
50 volts applied. At the instant Ql cuts clf, 
therefore, 50 volts will appear across the 
combination of r2 and R3 (the capacitor being 
a short at the first instant). The 50 volts 
will vilvlde proportionally, according to the 
size of the two resistors. R2, then, will have 
49.5 volts and R3 will have 0,5 volts. The 
0,5 volts across R3, the Jump resistor. Is the 
amplitude of the jump voltage. Since the output 
is taken across R3 and 02 in series, the 
output ^'jumps'' to 0,5 volts. 

6-49. Observe how a trapezoidal generator 
differs from a sawtooth generator. If the output 
were taken across the capacitor alone, the 
output voltage would be zero at the first 
instant. But, by splitting the R of the RC 
network so that tne output is taken across the 
capacitor and a part of the total resistance, 
the Jump voltge Is produced. 
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Figure 6-13. Trapezotdal Generator 



6-SO. Referring again to figure 6-13,from TO 
to Tl| C2 begins charging toward 50 volts 
through R2 and H3. Ihe time constant for this 
circuit Is 10 nilUlseCDnds. If the Input gate 
is l|OOOmicrosecondS| the capacitor can charge 
for only 10 percent of one TC| and the 
sawtooth part of the trapezoid wave will be 
linear. 

6-Sl. At time Tl, the Input gate ends, and 
Ql begins to conduct heavily. C2 discharges 
through h3 and Ql. The time required to 
discharge C2 Is primarily determined the 
values of R3 and C2, The minimum cttscharge 



time Un this circuit) Is 500 microseconds 
(Sk X .02 fiF X S). At time T2, the capacitor 
has discharged back to zero volts, and the 
circuit is quiescent. It remains In this con- 
dition until T3 when another gate Is applied 
to the translator. 

6-S2. We calculated the amplitude of the Jump 
voltage, which was 0.5 volts. The sawtooth 
portion of the wave Is linear because thetimei 
TO to Tl, is only XO percent of the total charge 
time. The amplitude of the trapezoid wave 
is approximately 9 volts. The electrical length 
18 the same as the Input gate length, or 



ERIC 



e-io 



101 



1,000 mlcroaeconds. Linearitylaaffectedlntbe 
same maiinar aa In the sawtooth generator. 
Increasing R2| CZ, or decreasing gate width 
will Improve linearity. Changing the applied 
voltage will Increase output amplitude, but 
will not affect linearity. 

6*-53. Linearity of the trapezoidal waveformj 
produced ty the circuit In figure $-13wlll be 
dependent on two lectors: GATE LENGTH 
and the TIME CONSTANT (TC) of the RC 
circuit Recall that these are the same factors 
that controlled LXNEftRTTY In the Sawtooth 
Generator. The formula develc^ed earlier 
will still remain true Sknd enable us to deter- 
mine what effect these factors will have on 
LINEARITY. 
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$-63. Changing the value of resistance or 
capacitance In the circuit also effects 
LINEARITY. If the value of 02 or B3 Is 
Increased this would Increase the time for one 
time constant. An Increase In TC will result 
In a decrease In the number of time con- 
stants (#TC}. As stated earlier, a decrease 
In the #TCs will result In an Increase In 
LINEARITY (less than .1 TC). In addition 
to an Increase In LINEARITY, there would 
also be an Increase In JUMP VOLTAGE 
(larger value of R3) and a decrease In the 
ampUtude (PHYSICAL LENGTH) of the SAW- 
TOOTH produced by the circuit. ELECTRICAL 
LENGTH will remain the same as the length 
of the gate was not changed. 



#TC 



gate length 



6-54. An increase in gate length will result 
in an increase In the number of time con- 
stants and an Increase In the percentage of 
diarge that the capftcltor will take on during 
this time Interval. We stated earlier that if 
the number of time constants were to exceed 
.1 that LINEARITY would decrease. The reason 
for a decrease In LINEARITY Is that a 
greater percentage of Is used and from 
the Universal Time Conrfant Chart, we can 
observe that the charge line begins to curve. 
A decrease In gate length will have the oppo*- 
slte effect on LjlNEARITY in that It will 
cause LINEARITY to Increase. The reasonfor 
this Increase Is that we are using a smaller 
number of time constants andlntum, a smaller 
percentage of the applied Vqq. 



6^-5$. R-2 will have a similar effect on 
LINEARITY as It Is In series with R3. As 
an example, decreasing the value of R2 will 
result in a decrease In LINEARITY. From 
the equation j.^^ gate length we find that 

TC 

by decreasing R (TC » RC), the #TCs will 
increase, and an Increase In the number of 
time constants causes a decrease in 
LINEARITY. Othereffects wouldbe anlncreaae 
in JUMP VOLTAGE and an Increase In the 
ampUtude (PHYSICAL LENGTH) of the SAW- 
TOOTH. 



6-57. Changing the value of Vj,^, does not affect 
LINEARITY linearity Is dependent on Gate 
Length, R and C. Vqq will have an effect 
on the amplitude of the waveform and the 
value of JUMP VOLTAGE that Is obtained. 
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Chapter 7 
UMITERS AND CLAMPERS 



7-1. Often the amplitude or the reference 
level of a signal must be modified as the 
signal passes from one circuit to another. 
This chapter explains how llmiters and 
clampers perform these functions. 

7-2- Umlters 




LIMIT E 



7-3, As an electronic technician you will be 
confronted with manydiflerenttypesoflimiting 
circuits. Ihey vary indesignaccordlngtotheir 
purpose aiid use. A thorough knowledge of the 
principles of llmiters is essential. 

7-4. A limiter is defined as a device which 
"limits'' or prevents some characteristic 7-d. Series Llmiters 
of a waveform from exceeding a specified 
value. This text discusses limiting the 
amplitude of a waveform, as the removal 
of one or both peaks of the waveform at a 
desired level. 



Figure 7-2, Positive Limiter 

Figure 7-*2 sho'vs positive limiting, removing 
the positive half-cycle of a waveshape. 



7-5. Limiting circuits areusedfortwoprimary 
purposes, (1) waveshaping and (2) protection. 
Llmiters used as waveshaping circuits dip 
or modify the waveshape of a signal. Llmiters 
used as protective circuits prevent a voltage 
from exceeding a specified negative or posi- 
tive reference level. 

7-6, A limiter which removes a portion of the 
negative half-cycle of a waveshape is called 
a "negative" llmiten As an example of 
negative limiting, notice how the waveshape 
in Figure 7-1 has been modified. 



7-d. A diode will conduct when its anode volt- 
age is positive with respect to its cathode 
voltage. The diode will not conduct (neglecting 
reverse current) when the anode is negative 

with respect to the cathode. Llmiters use this 
principle along with vcdtage divider action in 
their operation. 

7-10. A block diagram of a series limiter 
is shown in Figure 7-3. A diode is con- 
nected in series with a resistor; the input ia 
applied to the combination, and the output is 
taken across the resistor. When the diode is 
forward biased it acts as a short, and the 
output is approximately the same as the Input — 
with no limiting. When the diode Is reverse 
biased it acts like an open^ no output and 
limiting occurs. 



7-7, Another type of limiting is the "positive 
limiter" which removes positive amplitudes. 
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Figure 7-1, Negative Limiter 



Figure 7-3, Block Diagram of a Series Limiter 
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Fl^re 7-4. Seiiea Negative Llmlter 



7'11. Figure ?'4showa the acfaematlc diagram 
with the Input and output waveforms for a 
SERIEg NEGATIVE LIMITEH. The key for 
identlUcatlon ia the diode In aeiies with the 
Input signal. Further, It la a negative, llmlter 
because limiting takes place during the 
negative haif-cycle. Let'sconsldereacbhalf- 
cycle of the input signal and determine how 
the output Is produced. During TO tc Tl» 
the anode Is mora positive than the cathode 
and the diode conducts. As current flows up 
through the resistor and the dlode^ a positive 
voltage is develppsd as the output During 
TO to Tlf the voltage across the resistor is 
essentially the same as the voltage applied 
to the circuit (neglecting the smaU voltage 
that is dropped across the diode). 



the diode is In series with th6^ signal and the 
positive hal2-cycle of the waveformls limited* 
^hen the positive alternation of the Input 
signal (TO to xi) 1^ applied to the circuit, 
the cathode is positive with respect to the 
anode. The diode is reverse biased and the 
posltlvs alternation of the it^mt signal is 
limited. The extremely smaU output is the 
result of reverse current flow. 

7"14. During ti and T2 of the Input signal 
the cathode Is negative, which forwardblases 
the dlode^ and current flows through the 
resistor developing an output The output on 
the negative alternation Is approximately the 
same amplitude as the input, so no limiting: 
occurs. 



7*12. During Tl to T2» the anode is negative 
with respect to the cathode and the diode does 
not conduct. This portion of the output 
indicates limiting, becausethereis no current 
through the resistor (neglecting the sm?.U 
reverse current). 

7-13. The schematic diagramshowninFlgure 
7-5 Is a SERIES POSITIVE LIMlTEfl since 



7-15. Ideally, the output vraveshape exactly 
duplicates the input, with the limited portion 
removed. During the limited portion of the 
signalthe diode resistance should be high; 
for the unlimited portion of the signal, Uie 
resistance of the diode must be small com- 
pared to the resistor. Therefore, the diode 
requires a very high front-to-back ratio 
(forward resistance compared to reverse 
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resistance). The following formula can be used 
to determine the output amplitude of the 
signal: 



out 



f? + P 



ac 



in 



V/hcre E .Is the output amplitude, H Is the 
value of^^eslstor Rl, and R la the AC 
resistance of the diode from anocfe to cathode, 
and la the Input signal amplitude. 
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7-16. To summarize, a series llmlter has 
the oucput in aeries with the diode. When 
the cUode conducta, tl}e output resembles 
the Input. When the diode is cutoff, the out- 
put Is nearly zero. The portion of the input 
signal which does NOT appear In the output 
determines iii^ether the llmlter is positive or 
negative. A negative Umiter is changed to a 
positive llmlter by reversing the diode 
connections. 

t-17. Shunt Llmlters 

7-18. A shunt llmlter circuit uses the same 
diode theory and voltage divider action as 
the series llmlter. Figure 7-6 shows the 
block diagram of a shunt llmlter. A resistor 
and diode are connected in series with the 
input signal, and the output signal is taken 
across the diode. The output is in "shunt'* 
with the diode, hence thename,shuntlimlter. 



Figure 7-6. Block Diagram at a Shunt 
Llmlter 

7»19. The schematic diagram shownln Figure 
7-7 is a SHUNT POSITIVE LIMITER since 
the diode is In shunt with the output and the 
positive half-cycle of the input is limited. 
When the positive alternation of the input 
signal is applied to the circuit (TO to Tl), 
the diode t)ecomes forward biased and con- 
ducts. As current flows up through the diode 
and the resistor^ a voltage is droppedacross 
each. With HI being much larger than the 
forward resistance of CRl, most of the input 
signal is dropped across HI. This leaves 
only a very small voltage across the diode 
as the output. The positive alternation of the 
input signal has been limited. 

7-20* During Tl to T2, the diode is reverse 
biased and acts as an extremely high 




Figure 7-7. Shunt Positive Llmlter 
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Figure 7-*8. Shunt Nesatlve UmUer 



reslatance. The nesatlve alternation of the 
Input signal appears across the diode at 
approximately ttie same amplitude as the li^t. 
The negative alternation o< the input signal 
is not limited. 



resistor being much larger than the resist- 
ance of the dlodsi most of the Input signal 
appears across HI. IMs leaves onlyasmall 
voltage across the output dlode^ and the nega- 
tive alternation of the signal Is limited. 



7-21. Notice the similarity of the shuntposl* 
tlve Umlter and the SHXTNT NEGATIVE 
LIMTTER Shown In Figure 7-8. The diode 
connections are reversed. From TO to Tl 
of the Input signal* the diode Is reverse 
biased and does not con^^ct. The output 
signal Is the Input signal slightly reduced 
In amplitude. The positive altematlonlsNOT 
UnUted. 

7-22. During the negative alternation of the 
Input signal* Tl to T2| the diode becomes 
forward biased and conducts. As current flows 
through the resistor and diode* a voUage Is 
developed across each. With the series 
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Figure 7^9. Biased Shunt Umlters 



7-23. As with the aeries llmlter* the shunt 
Umiter should provide maximum output volt* 
age for the unlimited portion of the signal* 
the diode's re.verse*-blas resistance must be 
very large con^ared to the series resistor. 
Anc^ toprovlde minimum output forthe limited 
portion of the signal, the diode's forward- 
bias resistance must be veiy small compared 
to the se rles resistor. To determine the output 
amplitude the following formula can be used: 



ac 



out 



ac 



In 



Where E la the output signal amplitude* 
R Is tne AC resistance of the diode* R Is 
the^ series resistor HI* and E^^ Is the Input 
elgnal amplitude. 



7->24. To summarize* a ahunt limlter has the 
output In shunt with the dlod^^. When the 
diode conducts* the output voltage Is nearly 
zero^.and when the diode Is cut off the output 
Is nearly the same as the Input voltage. 

7-25. Kased %uat Llmlters 

7-^26. In the ahunt llmlters discussed thus 
far* limiting takes place near a zero refers 
ence level. Limiting may take place at any 
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Figure 7-10. Block Diagram of a Biased 
Shunt limlter 

positive or negative reference level. Thatls^ 
a limlter may remove only a portion of one 
alternation. An example of such limiting is 
Illustrated In Figure 7-9. Part A shows only 
the extreme positive portion of the wave 
limited and part B shows only the extreme 
negative portion of the wave limited* 



of the diode. IMs causes the diode to be 
reverse biased at all times except when the 
Input signal is more positive than the bias 
voltage. 

7-29. The relative size of the circuit com- 
ponents are as follows: Rac diode In 
the forward biased direction is 10 ohms^ 
the resistance of the diode in the reverse 
biased direction is I megohm^ Rl is Ik ohm^ 
Bl 13 4 volts^ and the Input signal has a 
10-volt peak. As the positive alternation of 
the Input signal Is appUed (TO to Tl)» the 
output voltage follows the inputslgnal. During 
time Tl to T2p the Input signal is more 
positive than 4 volts; the diode is forward 
biased ^nd conducts. At this tlme» the output 
voltage equals the bias voltage. limiting takt^s 
place between Tl and T2» and the output is 
approximately 4 volts. With an increase In 
blas» limiting would take place at a higher 
positive voltage^ and there would bO less 
limiting of the output signal. 
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7-27. A block diagram of a biased shunt 
limlter is sbowain Figure 7-10. The resistor^ 
diode^ and bias supply are connectedlnserles^ 
and the input signal is applied to this com* 
blnation. T^e output from the circuit is taken 
p.cross the diode and the bias supplytogether. 

7-28. A schematic diagram of a POSITIVE 
SHUNT LIMTTER WITH POSITIVE BIAS is 
shown IQ Figure 7-ll« Batteiy Bl is con- 
nected with the positive terminal to the cathode 



7-30. From T2 to T4 of the input signal^ the 
diode is reverse biased and does not conduct. 
The output signal follows the Input signal and 
no llmtlRg takes place. 

7-31. This circuit is called a POSITIVE 
LIMITER WITH POSITIVE BIAS because 
limiting takes place In the positive alter* 
nation^ and positive bias is used on the 
diode^ since the cathode is positive with 
respect to ground. 




Ill T I i 1 

TO T3 T4 TO T3 T4 

REP4'^145X 



Figure 7-11. Shunt Positive limjter with Positive Bias 
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Figure 7*13. Shunt Positive Umlter ^th Negative Bias 



7-33. Figure 7*13 shows the schematic 
diagram of a SHUNT POSmVE LIMITER 
WITH NEGATIVE BIAS, tlie only dUterence 
from Figure 7*11 is the reversed battery. 
Now» the diode is forward biased and con- 
ducts before an Input signal is applied. 
Considering Cftl as a short during con- 
ductlon» the voltage across the Eout ter* 
minals is -4 volts. 

7-33. As the positive alternation of the 
Input signal is applied to the circuity the 
diode remains forward biased and limits the 
entire positive alternation (TO to Tl). As 
the signal goes in a negative direction 
(Tl to Ti\ the diode is still forward biased 
and limiting is still present Hie only time 
CRl becomes reverseUaaedls^en the anode 
goes more negative thanlts cathode. Wfaenthe 
Input signal is more negative than the -4 
vdts of the bias battery^ the diode becomes 
reverse biased and cuts off. Hie output 



follows the Input signal from T3 to T3^ 
at all other times^ the diode is forward 
biased and limiting occurs. With an increase 
In negative blas» the diode conducts for a 
longer portion of the Input signal and more 
limiting wiU be present In the output. 

7^34. This circuit is called a shunt positive 
Umlter with a negative bias since the posl* 
tlve output is limited, and the bias in the 
dreult le negative with reference to ground. 
Limiting takes place at all points more 
positive than *4 vcAts. 

7*£ . The circuit shown In Figure 7-13 
is a SHUNT NEGATIVE LIMITER WITH 
NEGATIVE BIAS. Again, assume the forwa rd- 
bias resistance of CRt Is 10 ohms, the 
reverse*blas resistance of CBt is 1 megohm 
Rl is 1 k ohm, Bl is -4 vdts, and the Input 
peak is to volts. With no Input, battery Bl 
reverse biases CRl. CAl cannot conduct 
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Figure 7-14, Shunt Negative Llmlter with Poaltive Bias 



until Its cathode is more negative than Its 
anode. Thus, CRl acts as an open until E^n 
goes below -4 volts. During the positive 
alternation of the Input of the input signal 
the output follows the Input and no limiting 
occurs. 

7*36. When the Input signal becomes nega* 
tive enough to forward bias the diode, CRl 
conducts and acts like a short {10 ohms In 
series with 1 k ohm). The Input signal is 
developed across Rl, and the output signal 
durlngtlme T2 to T3 Is -4 volts. If the *4 
volts Is Increased, limiting will take place 
at the new bias level and less limiting will 
be present in the output. 

7-37. Between T3 and T4, the diode is again 
reverse biased and the output signal follows 
the Input signal. No limiting occurs. 



7-38. A 3HUNT NEGATIVE LIMFTER WITH 
POSmVE BIAS is shown In Figure 7-14. 
Now, you should be able to determine the 
output waveform. The operation Is similar 
to those circuits already explained* Limiting 
occurs when the diode conducts, and there Is 
no limiting when the diode is reverse biased, 
lathis circuit, the bias battery forwardbiases 
the diode without an Input signal. Eq^^ Is 
44 volts except where the Input goes above 
44V {Tl to T2). All of the signal which is 
more negative than 44V Is limited* If the +4V 
Is Increased, there will be more limiting In 
the output. 

7-39. A DOUBLE DIODE LIMTTER (Figure 
7-15) uses a shunt positive limlter with 
positive bias (CRl and Bl) and a shunt 
negative limiter with negative bias (CR2 
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Figure 7-15, jjouble Diode Limiter 
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Figure Zener Diode Limlter 



and B2). Neither diode Is forward biased 
with ao Input signal. When the Input signal 
becomes more positive than 8 vdta, CRl 
conducts and limits the output to this value. 
When the Input signal becomes more negative 
than 6 volts» CR2 conducts andllmlts the out- 
put to this value. When neither diode con- 
ducts, the output follows the Input waveform. 

7-40. Zener IHode Limlter 

7-41. Figure 7-16 shows one example of how 
a zener diode can be used ^s a limlter for 
protection puroses. A common emitter RF 
amplifier has a zener diode connected from 
the collector to ground. CRl Is a 12'VOlt 
zener diode. Assume that during normal 



operation the voltage on the collector of Q) 
varies between 4^6 volts and volts. This 
value of voltage across the zener Is not 
enough to cause zener action^ so the diode 
acts like a large resistance. Due to the 
Input signal and the reactive collector load, 
collector voltage could becomehlghenou^to 
damage the transistor. (Recall at resonance 
how the voltage across a reactance equals 
Q times Ea)* However, as the voltage across 
the zener reaches 12 volts» the diode con-* 
ducts. Therefore, ttie voltage on the col- 
lector of Ql cannot exceed 12 volts In tills 
example. TMs feature Is particularly useful 
when the coUec:orload Impedance Is reactive. 
Zener diodes ^re frequently used to protect 
against such high voltages. 




Figure 7-17« Double Zener Diode Limlter 
7-8 
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Figure 7-18. NPN Cutoff limiting Circuit and Waveforms 



7-42. Figure 7^17 etiowsanotherarrangement 
of zener limiting. Two zener diodes are con- 
nected "back-to-baclc" Each la an 8-volt 
zener diode. When the positive alternation of 
the input signal is applied (TO to Tl), CRl 
is forward biased and acts lltce a short. At 
the same time, CH2 is reverse Mased and 
acts as a large resistance. The ou^ut follows 
the input. 

7*43. At Tl, CB2 reaches its regulating 
area and conducts; this limits the output 
from gdng anjr more positive. From Tl to 
T2, the ou^ut is volts. From T2 to T3, 
the output again follows the iiiput. 

7-44- At T3, CR2 becomes forward bi?<9ed 
and acts lltce a short, but CHI is reverse 



biased. Between T3 and T4, therefore, the 
ou^ut follows the input. At T4, CR2 reaches 
its regulating point and conducts; this limits 
the output from going more negative. From T4 
to T5, the output is *8 volts. From T5 to 
T6, the output again follows the input. 

7*4S. Another method of limiting signals is 
operating transistors at cutoff or at satura- 
tion* This may be accomplished with either 
NPN or PNP transistors. 



7-46. NPN Transistor Cutoff Limiting 

7*47* Figure 7-18A Shows an NPN transis- 
tor cutoff llmlte r. Notice that V qq is positive * 
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Figure 7-19. PNP Cutoff Limiting Qrcult aad Wavefbrms 



Assume the value of forward bias is 50 
microamps which places the operating pc^nt 
at the lower portion ctf the load line. (Fig- 
ure 7-18B.) 

7-48. Let^s now consider each half-cycle of 
the input to determine how the output is 
produced. At point 1 of the input signal the 
transistor is conducting^ and collector voltage 
is 18 volts. From point 1 to point2y the input 
aids, and base current increasestolSOmicro* 
amps. During this time, collector voltage 
swings in the negative' direcUoa decreasing to 
12 volts. 



7-49. From point 2 to point 3» the input 
allows the t>ase currenttoretumto50micro- 
amps and collector voltage swings bade to 
18 volts. Note that the positive half-cycle 
of the input voltage is phase inverted and 
amplifLedf and becomes the negative half- 
cyde of the output signal. There is no 
limiting. 

7-5a Between pc^nt 3 and pc^t 4» the nega- 
tive input voltage opposes base current and 
at point 4 drives the transistor into cutoff. 
During this time collector voltage swings 
in the positive direction, increasing to 20 
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volta« From point 4 to point 5, the input 
eignal holds the transistor beloM^ cutoff and 
collector voltage remains at the level 
(+20 v6Lta)p and limiting takes place* If die 
forward bias was decreased, more of die 
input slgtial would hold the transistor below 
cutoff, and the amount of limiting would 
increase* 

7-5L From point 5 to point 6, the input 
signal allows base current to return to 50 
microamps and collector voltage swings back 
to 18 voLts. Note that cutoff limiting in an 
NFN transistor circuit limits die top of the 
collector voltage waveshape during the dme 
the transistor is cut off. 

7-52* PNP Transistor Oitoff Umiting 

7-53* Let's compare the PNP curoff limiter 
in Figure 7*19B to the NPN cutoff limiter 
in Figure 7-18* Notice that the collector 
supply voltage has been reversed and the 
bottom of the output waveshape is now 
limited* Again, only a small forward bias is 
applied (50 microamps)* 

7-54* Let's consider each h^ilf-cycle of the 
input to determine how the output is produced* 
At point 1 of the input signal, the transistor 
is conducting and V^, is -18 volts* From 
point 1 to point 2, the input voltage opposes 
base current and drives the transistor into 
cutoff at point 2* During this time col- 
le ctor voltage swings in the negative direction, 
going to -20 volts* From point 2 to point 3, 
the input signal holds the transistor below 
cutoff, and collector voltage remains at the 
^ QC l^v^i ("20 volts)* Limiting is now 
taking place* If forward bias decreases, 
limiting will increase. 

7*-55* From point 3 to point 4, the input 
signal allows base current to return to 50 
microamps and collector voltage swings back 
to -18 volts. Note that cutoff limiting in a 
PNP transistor clrcuitlimitsthe bottom ofthe 
collector voltage waveshape during the time 
the transistor is cut off. 

7-56* From point 4 to point 5, die ir^^ut 
aids base current and base current increases 
to 150 microamps* During this time the col- 



lector voltage swings inthe positive direction 
(less negative) to *12 volts* 

7-57* From point 5 to point 6, the input 
signal allows the base current to return to 
50 microamps and collector voltage swings 
back to -18 volts* No limiting occurs* 

7-58* NPN Transistor Saturation Umiting 

7-59. Look at the schematic diagram for an 
NPN saturation limiter in Figure 7-20* The 
amount of forward bias needed in a satura- 
tion limiter is greater than the forward 
bias needed in a cutoff limiter. The load 
line shows the operating point close to the 
saturation area* Locate where the 350micro- 
amp base current line crosses the load 
line. TtUs operating point will allow the input 
signal to drive the NPN transistor into 
saturation* 

7-60. Let's now consider each half-cycle of 
the input to determine the output* At point 
1 of the input signal, the transistor is con- 
ducting and collector voltage is 6 volts* 
From point 1 to point 2, the input aids base 
current and drives the transistor to satura- 
tion. During this time collector voltage swings 
in the negative direction, decreasing to a 
minimum value of +2 volts. From point 2 
to point 3, the input signal holds the tran- 
sistor beyond saturation and collector voltage 
remains at a steady voltage of +2 volt£* 
From point 2 to point 3, the input signal 
holds the transistor beyond saturation and 
collector voltage remains at a steady voltage 
of +2 volts* Limiting is taking place* If 
forward bias was increased, more of the input 
would hold the transistor beyond saturation 
and the amount of limiting would increase* 

7"61* From point 3 to point 4, the input 
signal allows base current to return to 350 
microamps and collector voltage swings back 
to 6 volts. Note that saturation limiting in 
an NPN transistor circuit limits the bottom 
of the collector voltage waveshape* 

7-62* From point 4 to point 5, the input 
causes base current todecrease to 250 micro- 
amps* During this time collector voltage 
swings in the positive direction, increasing 
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Figure 7-20, NPN Saturatloa limlter arcuit and Waveforms 
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to +10 volts. From point 5 to point 6> the 
Input allows the base current to return to 
350 mlcroamps, anil collector voltage swings 
back to 6 vdts. 

7-63. PNP Translator Saturation Limiting 

7*64. Let's now look at the PNP aaturatioa 
llmiter la Figure 7-21. Notice that the output 
waveshape is phase inverted^ as in the NPN 
circuity but saturation limiting clips the top 
of the waveshape Instead of the bottom. 

7-65. Now» look at the load line for datura* 
tlon limiting shown in Figure 7-21. Locate 
where the 350 microamp base current curve 
crosses the load line. This operating point 
will allow the input to drive the PNP tran- 
sistor into saturation* Kotel An Increase in 
input (base) voltage causes a decrease in 
input signal (base) current. 

7-66* Consider each half-cycle of the input 
to determine how the output is produced* 
At point 1 of the input signal^ the transistor 
is conducttng and collector vdtage is -6 
volts* Follow the input and output signals 
from point 1 to points 2» 3» and 4* There is 
no limiting during this tme. 

7-67. At point 4> the input drives the tran- 
sistor to saturation; collector voltage swings 
in the positive direction^ decreasing to a 
minimum value of -2 vdts. From point 4 
to point 5» the input signal hdds the tran* 
sistor beyondsaturation^ and collector vdtage 
remains at a steady value of -^2 vdts. Note 
that saturation limiting in a PNP transistor 
circuit limits the top of the cdlector vdtage 
waveshape. Also» note that ^ increase in the 
forward bias would increase the amount of 
signal that held the transistor beyond ttie 
saturation region on the load line and would 
increase limiting. 

7-68. From point 5 to point 6> the Input 
signal allows base current to return to 
350 mlcroamps and cdlector voltage swings 
back to -6 vdts* 

7-69. NPN Transistor Overdriven Limiting 

7*70* Figure 7-22 shows an overdriven 
llmiter. Input signal amplitude is sufficient 



to drive the transistor into both cutoff and 
saturation. The operating point is where the 
load line crosses the 200 microamp base 
current curve. A strong signal input drives 
the NPN translstoraboveandbelowthispdnt^ 
into both cutoff and saturation. 

7-71. At point 1 of the input signal the 
transistor is conducting andcollectorvdtage 
is 12 vdts. At point 2» the input drives the 
transistor to saturation. During this time 
cdlector vdtage swings In the negative 
direction^ decreasing to a minimum value of 
+2 vdts. From point 2 to point 3, the input 
signal hdds the transistor beyond satura- 
tion and ttie cdlector vdtage remains at a 
steady vdtage of +2 vdts. 

7-72* From point 3 to point 4^ the input 
signal allows base current to return to 200 
mlcroamps and cdlector voltage swings back 
to 12 vdts. At point 5» the Input drives 
the transistor to cutoff. During this time 
cdlector vdtage swings In the positive 
direction^ increasing to almost 20 vdts. 
From pdnt 5 to point 6» the input signal 
hdds the transistor below cutoff, and the 
cdlector vdtage remains at approximately 
the Vcc level (+20 vdts)* From point 6 
to point If the input signal allows base 
current to return to 200 mlcroamps and 
cdlector vdtage swings back to 12 vdts. 
Note that in an NPN transistor circuit, 
cutoff limiting occurs whenthe cdlector cur- 
rent is minimum and saturation limiting 
occurs when the cdlector current Is 
maximum. 

7-73. PNP Transistor Overdriven Limiting 

7-74. Now use Figure 7-23 to compare the 
PNP overdriven llmiter wltti the NPN over- 
driven llmiter* Notice that the output wave- 
shape is phase Inverted in both, but PNP 
cutoff limiting dips the bottom of the wave- 
shape and PNP saturation limiting clips 
the top of the waveshape. The loadllne shows 
the operating point the same as used with 
the NPN overdriven llmiter, and he input 
signal has large amplitude. 

7-75* Consider each half-cycle of the Input 
to determine how the output Is produced* 
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Figure 7-24. EC Coupling 



At point 1 of the Input signal, the tran- 
sistor Is conducting and collector voltage Is 
-12 volts. At point 2t the Input voltage drives 
the transistor to cutoff. During tills time, 
collector voltage swings In the negative direc- 
tion to almost -20 volts. From point 2 to 
point 3t the input signal holds the transistor 
below cutoff and collector voltage remains at 
appro^dmately the V^^ level (-20 volts). 

7*76. From point 3 to POlnt 4^ the input 
signal allows the base current to return to 
200 mlcroamps and collector voltage swings 
back to -12 volts. At point S, the input 
voltage drives the transistor to saturation. 
During this time collector voltage swings in 
the positive direction, decreasing to a 
minimum value of *Z volts. From point S 
to point 6, the input signal holds the tran-- 
sistor beyond saturation, and the collector 
voltage remains at a steady voltage of -2 
volts. From point 6 to point 7, the input 
allows base current to return to 200 micro- 
amps and collector voltage swingsbackto*12 
volts. 

7*77. Clampers 

7*78. Before we discuss clampers, it is 
necessary ttiat we review series RC circuits. 
Series HC circuits are widely used for 
coupling or transferring signals from one 
stage to another. If the time constant of tue 
coupling circuit iB long enough, the shape 



of the Input and output voltage waveforms 
will be almost identical. However, the output 
wavers DC reference level may be different. 

7-79. Flgiire 7-24 shows a typical RC coupling 
circuit in wttich the output reference level 
has been changed to zero. In this circuit 
the values of R and C are such that the 
capacitor will charge to 20 percent of the 
applied voltage during the time from the 
leading to lagging edge of the waveshape 
(TO to Tl). With this in mind, let's consider 
the operadon of ^e circuit. At time TO, 
ttie input voltage is -SO volts and the capaci- 
tor starts charging. At the first instant the 
voltage across C is ^ero and the voltage 
across H is 50 volts negative with respect 
to ground* Now, as C charges, the voltage 
across C increases and the voltage across 
E, which is the output voltage, begins to 
drop at the same rate. At time Tl, the 
capacitor has charged to 20 percent of the 
-50 volts input, or tO vdts. Now, the input 
voltage goes to zero volts,and the capacitor 
must discharge. It discharges through the 
low Impedance of the signal source, and 
through Rp developing a 10-volt output across 
B at the first instant From Tl to T2, C 
discharges 20 percent of the original 10-- 
volt charge. Thus, C discharges to 8 volts 
and the output voltage also drops to 8 volts. 
At T2 the input signal goes to -90 volts 
again. This SO volts is In series opposition 
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Figure 7-25* aampln^ Waveforms 



to the 8-volts charge on the capadtor* 
Thus, the voltage across R ls42 volts. Nbtice 
that this value of voltage is smaller in 
amplitude than the amplitude of the output 
voltage which occurred at TO* Capacitor 
C charges from 8 to 16 volts* U we were 
to continue to follow the operation of the 
circuity we would find that ttie output wave- 
shape wouldbecome exactly distrtbutedaround 
the zero reference point* At this tme» the 
circuit operation reaches a stable point. 
Note that our output waveshape has the same 
amplitude and approximately the same shape 
as the input waveshape, but now "rides" 
equally above and below zero* 



7-80* There are certain applications in 
electronics which require that the upper or 
lower extremify of a wave be fixed at a spe- 
cified value* A clamping circuit Is one which 
effectively clamps or ties down the upper or 
lower extremity of a wave to a fixed DC 
potential. This circuit is also known as a 
"direct current restorer" or a "base-line 
stabilizer/' Figure 7-25 illustrates the result 
of clamping an input signal to various 
damping levels* These clamped waveshapes 
are idealized, but they do illustrate an 
important point about clamping: Damping does 
not change the amplitude or shape of the 
input wave. 
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Figure 7-26, Positive Qamper Circuit and waveforms 



7-fll, Positive Qamper 

7-fl2, Figure 7-26A illustrates the circuit of 
a positive diode damper* Resistor R pro- 
vides a discharge path for C. This resistance 
is large in value so the discharge time of 
C will be very long. The diode provides 
a very fast charge path for C. Capacitor C, 
once it becomes charged, will act as a 
source of voltage. The input waveshape 
shown in Figure 7->2SA is a square wave 
which varies between 4*25 volts and -25 
volts. 

7-fl3, In order to fully understand the opera* 
tion of this circuity we will consider each 
portion of the itiPut vaveshape anddetermi'>** 



Its corresponding output waveshape* The 
waveshapes are shown in Figure 7-26B* 
Basically^ we use Kirchhoff's Law: The 
algebraic sum of ttie voltage drops around a 
closed loop is zero at any instant. 

7-84* At time TO^ the ^25 volt input signal 
applied to the circuit appears across R (the 
capacitor is a short at the Uret instant) 
and CHI. The -25 volts felt felt across 
CRl makes the cathode negative with respect 
to the anode, and the diode conducts heavily* 

7-85, C charges quickly through the small 
resistance of CRl* As the voltage across C 
increases, the output voltage decreases at 
the same rate* Thevoltasieacriad Creaches 
25 volts and the output voltage becomes zero. 
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7-86. At time Tl» the 25 vdLts across the 
capacitor and the ^25 vdts from the Input 
signal are series aiding. 7hus» vdLts 
appears across R and CRl in parallel. At 
this time the cathode of CRl is positive with 
respect to the anode^ and the diode does not 
conduct. During time Tl to T2, C discharges 
to approximately 23 vdts <due to the size 
of B and C) and the output vdtage drops 
from +50 vdts to +46 vdts. 

7-67. At time T2 the input signal changes to 
-25V, series opposing the 23 /dts across C. 
This leaves an output vdtage of -2 vdts. 
The cathode of CRl is negative with respect 
tothe Anode and CRl conducts. During time 
T2 to tZf C charges quickly through CRl^ 
from 23 vdts to 25 vdts^ and the output 
vdtage changes from -2 vdts to 0 volts. 

7-66. At time T3, the input signal and 
are again series aiding. Thus, the output 
vdtage felt across B and CBl is again 
■1-50 vdts. During time T3 to T4, C dis- 
charges 2 vdts through R. Notice how the 
circuit operation from T3 to T4 is the same 
as it was from Tl to T2. The circuit opera- 
tion in each square-wave cycle repeats the 
operation which occurred from T2 to T4. 

7-89. By comparing the input waveshape, 
Figure 7-26Ay with the output waveshape^ 
Figure 7-26By note the following important 
facts: (1) the pealc^to-pealc amplitude of the 
input waveshape has not been changed by the 
clamper circuity (2) the shape of the input 
waveshape has not been changed, for all 
practical purposes, by the action of the 
clamper circuit, and (3) the output wave- 
shape is now above zero whereas the input 
waveshape reference level is zero. Thus^ 
the lower extremity of the input waveshape 
reference level is zero. Thus, the lower 
extremity of the input waveshape has been 
clamped to a DC potential of zero volts. 

7-90. A summary of the circuit operation is 
as follows; The capacitor initially chargeato 
25 vdta through the small resistance of the 
diode. Once the capacitor is charged^ it does 
not have time to discharge any appreciable 
amount before the next charge cycle. Thus^ 
the 25-^vdt charge across the capacitor adds 



algebraically to the input signal to produce 
an output signal which varies between 0 and 
■i'50 vdts. It is a '^positive clamper'^ since 
the output waveshape is above zero and the 
bo^m of the output waveshape is clamped 
at zero. 

1^91, The circuit described is '^self- 
adjusting" in that the bottom of the output 
waveform remains damped at zero during 
changes in Input signal amplitude^ and the 
output waveshape retains the form and peak- 
to-peak amplitude of the input waveshape, 
^en the input amplitude becomes greater, 
the capacitor^B charge becomes greater and 
the output has a larger amplitude. When the 
input amplitude decreases^tbe capacitor does 
not charge so high, clamping a lower vdtage 
output. The capacitor diarge changes with 
signal strength. 

7-92. The size of R and C have a direct 
effect upon the clamper's operation. Because 
of the small resistance of the diode, the 
capacitor charge time is short. If either 
R or C is made smaller, the capacitor dis- 
charges faster. 

7*93. For the capacitor to quickly discharge 
to a lower vdtage is an ADVANTAGE when 
the amplitude of the input waveshape is 
suddenly reduced^ Fornormalclamperopera- 
tlon, however, quick discharge time is a 
DlSADVArrrAGE because one objective of 
clamping is to keep the output waveshape like 
the input waveshape. If the small capacitor 
allows a relatively large amount of the 
vdtage across it to discharge with each 
cycle, distortion occurs In the output wave- 
shape, and a larger portion of the waveshape 
appears on the wrong side of the reference 
line. 

7-94. Increasing the resistor size Increases 
the discharge time. This causes the capacitor 
to discharge more slowly^ producing an output 
waveshape which is a better reproduction of 
the input waveshape. A disadvantage is that 
the large resistor Increases the discharge 
time of the capacitor and slows the self* 
adjustment rate of the circuit in case a 
sudden DBOP in input amplitude should occur. 
The large resistor has no effect on self- 
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Figure 7-27. Negative Qamper Circuit and Waveforms 



adjustment with a sudden RISE in input 
amplitude^ because the capacitor charges 
through the small resistance of the conducting 
diode* 

7-95. Orcuitsoftenincorporate a compromise 
between a short RC time constant for self- 
adjustment and a long RC time constant for 
less distortion, A point to observe is that 
the reverse resistance of the diode some- 
times replaces the physical resistor in the 
discharge path of the capacitor. 

7-96. Negative Clamper 

7-97. Figure 7-^27A lll^JStrates the circuit of 
a negative diode clamper. Compare this ***Ca 



Figure 7-26, The diode Is reversed with 
reference to ground. Uke the positive 
damper^ resistor R provides a discharge 
path for and the resistance must be a 
value to make the discharge time of C very 
long. The diode provides a fast charge path 
for C. Ones C becomes charged, it acts as 
a source of voltage which will help determine 
the maximum and minimum voltage levels of 
the output waveshape. The inimt waveshape 
shown in Figure 7-27Aisasquare wave which 
varies between ^25 and -25 volts. 

7-98, Again^ we will consider each portion 
of the input waveshape and determine its 
corresponding output waveshape. The wave- 
shapes are shown in Figure 7-27B, Vou will 
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Figure 7*28, Qamper Circuit Waveforms 



find that the ope ration of the negative clamper 
18 like that ot the positive clamper except 
for the reversal ot polarities. 

7*99. At time T0» the +25 volts iQimt signal 
applied to the circuit s^pears across HI and 
CRl. The 25 vdts felt across CRl makesthe 
anode positive with respect to the cathode and 
CRl conducts heavily. Diode resistance is 
very small so C charges quickly* As ihe 
voltage across C increases^ the output volt* 
age decreases. The voltage across C reaches 
25 volts quickly and during most ot time TO 
to Tl the output voltage is zero. 

7-100. At time Tl» the voltage across ilie 
capacitor and the input voltage ar« series 
aiding*- Thus» -50 volts appears asthe output 
vdtage. 

7-101. At this tlme» the diode is reverse 
Mased and does not conduct. Due to th« size 
of H and C» the capacitor discharges down to 
approximately 23 volts during time Tl to T2. 
Using Klrchhofl's voltage law» the output 
voltage decreases from -50 volts to -48 
volts. 

7-102. At time T2 the input signal^ +25 
volts^ and the 23 volts across C are series 
opposing, Thu8» the output voltage is +2 
volts. 



7-103. The anode of CRl is positive with 
respect to the cathode and CHI will conduct. 
During time T2 to T3, C charges quickly 
from 23 to 25 volts through CRl. At the same 
time the output voltage izMs from +2 volts 
to 0 volts* 

7-104. At time T3» the Input and are 
series aiding, Thus» the output voltage is -50 
vdts. During time T3 to T4, CBl is reverse 
biased and C discharges through Notice 
how the circuit operation is the same as it 
was from Tl until T2* The circuit operation 
fOr each next square wave cycle dt4>licates 
the operation which occurred from Tl to t3. 

7-105. As was the case with the positive 
clamper^ the amplitude andshapeoftbe output 
waveshape is almost identical to that ot the 
input waveshape. Note here^however^thatthe 
upper extremity of -the oiiput waveshape is 
clamped to zero. That ls» the output wave- 
shape^ fOr allpracticalpurposes^ lies entirely 
below the zero reference level. 

7-106. We have used only the s<luare wave 
input signal to simplify the explanation otthe 
clamping circuits. Qamplng circuit input 
waveshapes may be of any shape and may be 
distributed in any manner with respect to 
apyreferenceleveL Ideally^ the outputwave- 
shape is an exact duplication of the input 
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In shape and amplitude, clamped above (posi- 
tive) or below (negative) the reference levtil. 

7-107* Figure 7-28 illustratee a sine wave 
input apiAied to poeitlve and negative 
clampers* The inq>ortant points to note here 
ar« that: (1) the outputs have the same shape 
and peak- tO'peak amplitude astheinputwave- 
shapeSf (2) ttie lower extremity of the posi- 
tive clamper output touches the zero refer- 
ence level and the rest of the waveshape is 
above the reference level, and (3) the upper 
extremity of the negative clamper output 
touches the zero reference level and the 
rest of the waveshape is below the ^ro 
reference level. 

7-108* FoUow these steps to determine 
clamper output waveshapes; 

7*109* Determine whether the clamper is a 
positive or negative clamper* little diode's 
cathode is connected to the capacitor, It is 
a positive clamper* S the diode's anode is 
connected to the capacitor, it is a negative 
clamper* 

7*110* Draw the clamping reference level* 
With clampers studied thus far this is zero 
(ground)* 
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7-^111. Draw the input waveshape exactly as 
It is with respect to shape and peak-to-peak 
amplitude, but with its lower extremity on 
the clam|)lng reference level fOr a positive 
clamper or its upper extremity on the clamp- 
ing reference level for a negative clamper* 
This is now the output waveshape of the 
clamper circuit* 



7-112* Biased Qampers 

7-113* Some cll'cuit ap{Aications require an 
input waveshape clamped to some DC refer- 
ence level otiier than ground* Becall the 
definition of bias '*DC voltage or cur- 
rent used to establish an operating point." 
Bias in clamper circuits sets the operating 
point. Biased clamping circuits operate 
exactly the same as the unbiased clamper 
circuits except for the addition of a DC 
Haa voltage in series with the diode and 
resistor. The size and polarity of the bias 
voltage determines the output clamping 
reference* 

7-114* Figure 7-29A illustrates the circuit 
of a positive clamper with positive bias* 
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Note that this is a positive clamper because 
the diode's cathode is connected to the capaci- 
tor. It has positive bais since the negative 
side of the battery is tied to ground* The 
purpose and action o£ the capacitor^ resistor, 
and diode are the same as in the unbiased 
clamper circuit. 

7*115, Now^ with no current through resistor 
B or the diode CRl, the voltage of the bat-- 
tery appears across the output terminals. 

7-116. Battery Bl establishes the DC refer- 
ence level at ■I'lO volts. The input waveshape 
of Figure 7-29A is a square wave which 
varies between ^25 and *-25 volts. The output 
waveshape is shown in Figure 7--2dB, 

7-117. Here^ as with the unbiased clampers, 
let's use Kirchhoff's voltage law to deter- 
mine circuit operation. With no input signal, 
the output is ■I'lO volts, 

7-118, At ume TO, the -25 volt signal applied 
to the circuit is instantly felt across R 
and CRl in parallel. The -^25 volt input sig* 
nal forward biases CRl, and C will quickly 
charge to 35 volts, leaving ^10 volts across 
the output terminals most of the period from 
TO to Tl. Mark the polarify of the charged 
capacitor, 

7-119, At time Tl- the 35 volts across the 
capacitor is series aiding the ^25 vdt Input 
signal. Now, the output voltage Is ^QO volts; 
the voltage across R and CRl is ^0 volts 
and 61 is 10 volts. At this time, the cathode 
of CB\ is positive with respect to the anode 
and the diode will not conduct. During time 
Tl to T2, C will discharge slightly through 
the lai-ge resistance of R, Assume that, 
due to the size of R and C, the capacitor 
discharges 2 volts (from 35 volts down to 33 
volts). Thus, the ^^u^put voltage drops from 
60 volts to ^58 volts. 

7-120. At time T, the -25 volt input signal 
aiidtha 33 volts acToss Care series opposing. 
This m.Ucei> tht.* voltage across the output 
terminals volfi>. The diode s cathode is 
2 voita ne{j^:vnve with respect to its anode so 
CRl conducts. Again> consideringthe forward- 
biased diode as a short, C charges quickly 



from 33 volts to 35 volts. Most of the time 
from T2 to T3^ therefore^ we find the output 
voltage is ^10 volts, 

7^121. At time tZ, the ■i'25 volts of the input 
signal is series aiding the 35 volts across 
C, and again we find the output voltage is 
60 volts. 

7*122. Observe that at time T3 the condi-- 
tlons in the circut are the same as they were 
at time Tl. Thus^ the circuit operation from 
T3 to T4 is the same as it was from Tl to 
T2. In fact, the circuit operation wilh 
every next input square-wave cycle is a dupll* 
cation of the operations which occurredfrom 
Tl to T3, 

7*123. By comparing the input waveshape with 
the output waveshape, you should note the 
following facts; (l}thepeak*to*peak amplitude 
of the input waveshape has not been changed, 
for all practical purposes, by the action of 
the clamper circuit, (2) the sh^e of the input 
wave has not been changed, and (3) the output 
waveshape is Thy?/ above ^10 vdts. Note that 
this clamping level (■I'lO volts) is determined 
by the bias battery, 

7*124, A quick summary of the circuit 
operation is as follows: The capacitor is 
charged to 35 volts by the 10-volt bias 
battery and the *25 volt input -Signal which 
are series aiding. The capacitor does not 
■lischarge any appreciatile amou it before the 

input signal recharges the capacitor, Thus^ 
the 35*volt charge across the capacitor adds 
to the input signal to produce an output 
signal which varies between -^10 vdts and 
+60 volts* 

7*125, The self*adjusting feature and the 
relationship of the size of R and C are the 
same as with the positive unbiased clamper 
circuit* In fact, the only significant dif- 
ference in the operation of the positively- 
biased positive clamper and the unbiased 
version of the same circuit is the battery 
and the clamping level, 

7-126, Let's see what happens tothe clamping 
reference level when the battery Bl is in* 
cretised to 20 volts (Figure 7-30). Now the 
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capacitor to 45 volts. The capacitor remains 
charged to 45 volts (for all practical pur- 
poses) since Its discharge through Rla almost 
negllgihLe* The output voltage equals the sum 
of the Input &nd capacitor voltages. When the 
Input voltage Is +25 volts^ the output voltge 
is +70 volts* When the Input voltage Is -25 
volts, the output Is +20 volts, Thus, the output 
voltage varies between +20 volts and +70 
volts. Note that the lower extremlfy of the 
output Is clamped to +20 volts, the value of 
battery Bl* 



Figure 7-30. Positive Qamperwlth Positive 
Bias (20V) 

capacitor Is Initially charged to 20 volts 
with no Input signal. The -25 volt Input signal 
and the 20-volt battery. In series, charge' the 



7-127* Figure 7-31A is the circuit of a 
positive clamper with negative bias* Observe 
that, with no input signal, the capacitor 
charges through R to the bias battery volt- 
age and the output voltage equals that of Bl. 
The circuit has negative bias because 
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Figure 7-31. Positive Qamper with Negative Bias 
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Fl^re 7-32. Negative Qamper with Negative Bias 



the positive side of the battery is grounded* 
The output waveform is shown in Figure 
7'31B. Study the figure carefully and note 
the following important points; The peak'- 
to*peak amplitude and shape of the output 
wave^ for all practical purposes^ is the same 
as the input wave. The lower extremity of the 
output wave is now clamped to -*10 volts^ 
the value of battery Bl. 

7-128. A summary of the circuit operation is 
as follows: The capacitor i^ initially charged 
to 'lO volts with no input signal^ and diode 
CH3 does nor conduct (it conducts only when 
its cathode is more negative than its anode). 
The -25 vdt input signal and the -10 volts 
on the iJitteiy fi^rward bias CRI^ and the 
capacitor charges to <r15 volts* Once the 
capacitor is charged^ it remains charged to 



15 volts (for all practical purposes^ since its 
discharge through H is negligible). The output 
voltage is equal to the algebraic sum of the 
capacitor voltage and the input voltage. The 
-^25 volt input signal is series aiding the 
capacitor voltage and develops +40 volts 
between the output terminals. When the input 
voltage is -25 vdts^ CHI conducts and the 
output voltage is -10 volts (-25 V plus +15 V). 
Thus^ the output is clamped to -10 volts. 
Changing the size of the battery changes the 
clamping reference level to the new voltage. 

7-129. Figure 7-32A is the circuit of a nega- 
tive clamper with negative bias. Again with no 
input signal the capacitor charges to the bat- 
tery voltage^ and the output is negative because 
the positive side of the battery is grounded. 
Figure 7-32B suows the output of the circuit. 
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Figure 7-33, Negative Qamperwith Positive Bias 



Study the figure carefully, and note the fol- 
lowing important points: Ttie peafc-to'peak 
amplitude and shape of the output wave, 
for all practical purposes, is the same as the 
input wave. The output wave is now clamped 
to -10 volts, the value of the battery Bl, 
^nce this is a negative clamper, the upper 
extremlfy of the wave touches the -10 volt 
reference line (and the rest of it lies below 
this voltage level)* 

7-130- A summary of the circuit operationis 
as follows; The capacitor is Initially charged 
to -10 volts with no input signal. Apply 
Kirchhoff's law to find that the ■i-25-volt 
input signal and the )0-vc^t battery are in 
series aiding, Thisforwardbiases CRl and the 
capacitor charges to '35 volts. The output 



voltage is equal to the sum of the capacitor 
voltage and the input voltage. Thus, the output 
voltage varies between -10 volts and '60 
volts, and the waveshape Is clamped to -10 
volts* 

7-131, Figure 7-33A illustrates the circuit 
of a negative clamper with positive bias* 
With no Input signal the capacitor charges 
to the battery voltage, and the output Isposi- 
tive because the negative side of the battery 
is grounded, Flgure7*33Billustratesthe out- 
put of the circuit Study the figure carefully, 
and note the following important points: 
The peak-to-peak amplitude and shape of the 
output wave, for all practical purposes, are 
the same as the input wave. The output wave 
is now clamped to -i-lO volts, the value of 
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battery Bl. Being a negative damper (emitter 
to ground), the top of ttie output wav< touches 
the +lO*volt reference line. 

7-132. A summary of the circuit operation 
is as follows: With no Input signal the capad^ 
tor charges to 10 volts. 'Hie +25 volt Input 
signal forward biases CBt and^ with the tO - 
volt battery In series^ charges the capacitor 
to 15 volts. Once charged the capacitor 
remains charged^ for all practical purposes^ 
since Its c^scharge through R ia almost 
negligible. The output voltage Is equal to the 



i 

algebraic sum of thecapacitorvoltageandthe 
input voltage. The +2(-^volt input algnal added 
to -15 volt capacitor charge and the -25 
volt input signal added to the -15 volt 
charge cause the output voltage to vary 
between +10 volts and -40 volts. The wave- 
shape is negatively clamped to +10 volts. 
The battery voltage sets the clamping refer- 
ence level. Positive clamping sets the wave- 
shape above (negative peak on) the refer- 
ence levels and negative clamping places the 
waveshape below (positive peak on) the 
reference level* 



7-28 



131 



ATC ST 3AQR3X020-X 



Prepared by Keesler TTC 
KEP-ST/DIGEST VI 



Technical Training 

Electronic Principles (Modular Self-Paced) 
Modules 42-50 
DIGEST 



1 July 1975 




AIR TRAINING COMMAND 



7-/0 

Dtstgned For ATC Course Use 

>rfC KeesJer 6-4469 

00 HOT USB OH THE JOB 



132 



Electronic Principles Branch 
Keesler Air Force Base, Mississippi 



DIGESTS 



Student Text 3AQR3X020-X 
KEP-ST/DIGEST VI 
1 July 1975 



The digest is designed as a refresher for students with electronics experience and/or 
education who may not need to study any of the other resources in detail. 

After reading a digest, if you feel that you can accomplish the objectives of the modulo, 
take the module self^check in the back of the Guidance Package. If you decide not to tako 
the self-^check, select another resource and begin study. 



MODULE 



CONTENTS 
TITLE 



PAGE 



42 


Principles of Oscillation 


I 


43 


Solid State LC Oscillators 


2 


44 


Solid State RC Oscillators 


3 


45 


Solid State Frequency Multipliers 


5 


46 


Solid State Pulsed and Blocking Oscillators 


6 


47 


Solid State Multivibrators 


9 


49 


Solid State Trapezoidal Generators 


16 


50 


Solid State Limiters and Clampers 


17 



133 



ERIC 



Module 42 
PRINCIPLES OF OSCILLATION 

Electronic circuits, called oscillators, are 
required in practically every electronic appli-^ 
cation. Since an oscillator is nothing more 
than an amplifier that provides its own in-* 
put signal^ it is logical to study oscillators 
right after a study of amplifiers* 

No doubt you have heard a public address 
system start producing an irritating squeal 
during use* If you have used such a system 
yourself, you probably know that the squeal 
can be eliminated either by moving the speaker 
or microphone or by decreasing the gain of 
the system amplifier* The method used to stop 
the public address system squeal is a reverse 
of one of the requirements for producing a 
usable sine wave signal* The PA system 
squeal is started by noise (a phenomenon 
of every electronic circuit) being generated 
in the amplifier* This noise is fed to the 
speaker and from the speaker back to the 
microphone. (See Chapter 2 in Student Text.) 
From the microphone, it is again amplified 
and this action continues until the noise 
reaches the level of a squeal. 

The squeal can be stopped by moving either 
the microphone or speaker so that the speaker 
output does not feed into the microphone* 
The feedback path is broken. FEEDBACK^ 
then, is one of the requirements for pro- 
ducing a signal. In addition^ the squeal can 
be stopped by reducing the amplification. 
Therefore, AMPLIFICATION is another re- 
quirement for producing a signal* In the PA 
system squeal, you probably noted that the 
pitch of the sound varied and the frequency 
was changing. In other words, the PAsystem 
was producing a signal that was unwanted, 
and the frequency was wavering up and down. 
The PA system did not have the third 
requirement of a usable sine wave gene- 
rator- A FREQUENCY' DETERMINING 
DEVICE, 

When amplification, a frequency- 
determining device, and feedback of 
the proper phase and amplitude are combined 
in a practical circuit, the circuit is called 



an oscillator. Let us discuss each of the 
three requirements individually* 

The amplifier used as an oscillator can be 
any of the three different solid state con- 
figuratlonsj common emitter, common base^ 
or common collector, it can operate Class 
A^ Class B, or Class C* The configuration 
used and class of operation depends upon 
system requirements^ such as power, fre- 
quency^ stability, and will determine the 
feedback arrangement* 

Feedback is taking a portion of the output 
and returning it to the input* m order to 
compensate for circuit losses, the feedback 
in an oscillator must be regenerative. You 
should recall that a common emitta* amplifier 
phase shifts the signal 180"" between input 
and output, while a common base and com- 
mon collector DO NOT, Therefore, in order 
to have proper feedback^ the signal must be 
phase shifted 180 degrees between collector 
and base viien a common emitter configura- 
tion is used. No phase shift is required 
between output and input when either of the 
other two configurations are used* (see figure 
42-1)* 
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Basically, three diflerent methods are used 
for producing and maintaining a particular 
frequency. We have previously discussed 
parallel resonant LC tank circuits and their 
ability to "ring" or oscillate. It is very 
common for these circuits to be used as the 
frequency- determining devices in oscillators. 
Damping of the signal produced is offset by 
the amplification and regenerative feedback. 



tapped inductance used to obtain feedback. 
It is called series because the frequency 
determining device is In series with the DC 
flow. Another type is the shunt Hartley, 
It is identical to the series Hartley except 
that a load resistor tias been added In the col- 
lector circuit and a capacitor has beenadded 
between the collector and LC tank circuit to 
block DC, (See Chapter 2 In student Text,) 



Another type of frequeucy-deterniining 
device (FDD) Is the quartz crystal, you may 
recall the ability of a quartz crystal waferto 
vibrate, at a frequency determined by Its 
thickness, when voltage is applied. The 
crystal has the same basic qualities as the 
LC tank circuit. On the other hand, the Q 
of the crystal is much higher and frequency 
stability using a quartz crystal as the FDD 
^11 be much better. Resistors and capaci- 
tors are used as the FDD in lower frequency 
oscillators. 

Review the formula 



for frequency of an LC tank circuit. From 
this formula, it is quite obvious that a very 
low frequency oscillator would require 
extremely high values of inductance and 
capacitance, making an LC tank circuit 
impractical. The quartz crystal wafer would 
have to be thick to producealower frequency, 
and require a large potenttal to start It 
vibrating. Therefore, the ability of resistor/ 
capacitor combinations to produce a phase 
shift is put to use. Since resistor/ capacitor 
networks produce 180' phase shift at ONE 
frequency, they can be used to determine 
fre<iuency in these ranges. 



Module 43 

SOLID STATE LC OSCILLATORS 

Oscillators that use an LC tank circuit 
as the frequency determining device are 
termed LC oscillators. One type of LC 
oscillator is the series Hartley, The iden" 
tlfying feature of a Hartley oscillator is the 



A third type of LC oscillator is the Colpitts, 
Its identifying feature is that regenerative 
feedback is obtained by tapping across a 
capacitive voltage divider , This arrange- 
ment provides better frequency stability by 
reducing the effects of changes in the tran- 
sistor's interelement capacitance, (See 
Chapter 2 of Student Text,) 
The only basic change to the Colpitts oscil- 
lator to make It a Clapp oscillator refer 
tojhe figure in Student Text) is the addition 
of C5 in series ^th l1. This capacitor 
is added to simplify changing frequency. 

The Butler crystal oscillator (see Chapte^ 
2 of Student Text) was included in this 
LC oscillator section because the quartz 
crystal closely displays the qualities ol the 
LC tank circuit at Its resonant frequency, 
A quartz crystal has a much higher Q than 
an LC tank circuit, and the frequency sta* 
blllty is superior. 

Take auother look at the schematic dia- 
grams referred to in the above paragraphs. 
It should be evident that all of these cir- 
cuits have several things In common. They 
are as follows: (1) a method of obtaining 
forward bias to start and maintain tran- 
sistor conduction, (2) a frequency deter- 
mining device, (3) temperature stablUzing 
resistors in the emitter circuits, (4) bypass 
capacitors to prevent degeneration, (5) an 
output coupling method, and (6) a feedback 
loop to couple a portion of the output back 
to the input in the proper phase to sustain 
oscillations ^thout damping. 

Troubleshooting an oscillator is no dif- 
ferent than troubleshooting an ampllHer, we 
have to remember that an oscillator pro-* 
vides its own input signal* If the feedback 
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DEGENERATIVE 



Figure 44-2. Wlen Bridge Oscillator 

In the study of amplifiers you read that 
changing the value of the collector load 
resistor would change a stage's amplification 
factor* When the collector load resistor (E6) 
in figure 44*1 is changed, itvariesthe signal 
amplitude at the output by controlling the 
collector swing of Ql and directly affecting 
the amount of feedback. 

In order to begin our analysis of the Wlen 
Bridge Oscillator, we roust identify the com- 
ponents and paths used to cottple the tran* 
sistors* One path consists of the collector 
of Ql through C3 to the base of Q2* The 
other path starts with the collector of Q2 
through C4 and either by way of r3 to the 
emitter of Ql or via Rl/Cl to the base of 
Ql. 

Regenerative feedback is applied to the base 
of Ql, and is the result of voltage varia- 
tions on the base of Ql undergoing two 180 
degree phase shifts In Ql and Q2. In other 
words, any signal on the base of Ql will be 
developed on its collector 180 degrees out of 
phase . Another 1 80 degree phase shift will take 
place in Q2, and the resulting output will be 
fed back to the base of Ql. The feedback sig" 
nal to the base of Ql will be in phase with 
the original. This feedback network contains 
two RC circuits which are frequency sensi- 
tive. Therefore, one frequency will be re- 
generated and other unwanted signals in the 
circuit will be inhibited. Rl, CI, R2, and C2 
comprise the frequency determining device, 
and changing the value of any one or corobi- 
iiation of these components will change the 
operating frequency. 

Degenerative feedback is routed through 
the non-reactive (not frequency sensitive) 




FREQUENCY 
Figure 44-3, Feedback Curve 

path made up of R3, R4 and the emitter of 
Ql. Since this Is the same signal which was 
used for regeneration, It will be degenerative 
when applied to the emitter of Ql. Figure 
44-3 represents both types of feedback. The 
bell curve shows that regenerative feedback is 
maximum at the point identified ^nd drops 
off above and below that frequency. The 
straight line labeled degenerative feedback 
Is the same level regardless of frequency* 
Degenerative feedback is required to reduce 
the band of operating frequencies or increase 
stability* This Is represented by the width 
of the bell curve at the . points of intersection 
with the degenerative feedback line on figure 
44*3. The oscillator has a variable resistor 
r3 in the feedback path which can control 
the level of degeneration and frequency 
stability. Refer to figure 44-3 and try to 
picture the change in position of thedegenera- 
tive feedback line as R3 is changed. (Move 
up for increase and down for decrease in 
degeneration). 

m order to produce a sine wave output, 
both the Phase Shift and Wlen Bridge oscil* 
lators must be operated Class A. The reason 
for this is that neither circuit contains an lC 
tank circuit that will "ring" and produce a 
sine wave when only a small portion of a 
sine wave Is applied to it. 

For troubleshooting, refer to explanation 
in Volume VI of the Student Text* Laboratory 
Exercise 44-1 will also illustrate the effects 
of certain malfunctions, and demonstrate the 
proper methods to use in measuring output 
amplitude and frequency. 
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path is broken, the input signal is lo^t, and 
the oscillator will not function. The direct 
current paths should be analyzed as voltage 
divider networks between ground and ^cQt and 
a complete review of simple voltage divider 
troubleshooting might be to your advantage 
before attempting to troubleshoot these oscil-^ 
lators. If you neec further troubleshooting 
assistance, Student Text Vi Chapter 2 on 
troubleshooting the different oscillators offers 
more thorough discussion of th subject. 



Module 44 
SOLID STATE RC OSCILLATORS 

During this discussion of RC oscillators, 
two types win be used. Figure 44-1 Is called 
a Phase Shift oscillator, and figure 44^2 
is a Wien Bridge oscillator. 

Both of these circuits have distinctive 
Identifying features. The figure 44-1 Phase 
Shift oscillator has three capacitors in series 
between the collector and base. The Wien 
Bridge oscillator usestwo transistors, output 
and feedback are taken from different points 
and it employs regenerative and degenerative 
feedback. 

The forward bias arrangement for both of 
these oscillator circuits is identical to many 
other oscillator and amplifier circuits you 
have previously studied, and no detailed 
explanation wzll be offered here. Since the 
frequency-determining devices for these 
oscillators are not similar to those pre- 
viously studied, they wiUrequire an analysis. 
You will have to recall your study of RC 
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Figure 44-1 . Phase Shift Oscillator 



time constants and the phase differences which 
exist across resistors and capacitors. In 
addition, you should keep in mind that the 
degree of phase shift Is dependant upon fre-^ 
quency and the value of resistance and 
capacitance. 

Look at the Figure 44-1 schematic diagram. 
Note that three RC networks (Cl/Rl, C2/R2, 
C3/R3) are in the feedback path between 
collector and base* A common emitter con- 
figuration ampli^er circuit Is used and any 
signal appearing at the base will be shifted 
180 degrees at the collector. To have regenera- 
tive feedback, the signal must be shifted 
another 180 degrees betweaithe coUectorand 
base. Since the phase shift across any oneRC 
network is always less than 90 degrees, it 
requires at least tluree RC networks to obtain 
a phase shift of 180 degrees. Since frequency 
partly determines the amount of phase shift 
that will occur across any RC combination, 
it follows that a specific combination ofthree 
RC networks will produce a shift of 180 
degrees at only one frequency. Therefore, 
only one frequency will be shifted in phase the 
right an)o;int between collector and base to 
be regenerative. This will be the frequency 
at which the oscillator will operate. 

If we wish to change the oscillating fre-^ 
quency, we must consider altering the value 
of the resistance or capacitance In the RC 
network. If any resistor or capacitor in the 
feedback path is changed, the frequency that 
win produce a 180 degree ptiase shift will 
also change. In figure 44*1 CI, C2, C3, Rl, 
and r2 are shown as variable, and changing 
one or all will cause a change In frequency. 
Remember that R3 Is part of the frequency- 
determining device, but it is not variable. 
H3 is also part of the forward bias divider 
network, and should not be varied because 
a change? in Its resistance would change the 
forward bias and amplification factor of the 
transistor. It is doubtful that you will ever 
see a Phase Shift oscillator in use that will 
have ail of the components variable, as showii 
in figure 44'*1. It is depicted here so that 
you will realize that it is possible to change 
frequency by changing any of the com^^onent 
values in the feedback loop. 
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Module 45 

SOLID STATE FREQUENCY MULTIPLIERS 

The highest frequency at which an oscil- 
lator can function is dependent upon several 
limiting factors. These factors include com- 
ponent sizes^ critical operating character- 
istics and restricted construction tolerances. 
These limitations and others are offset by 
using frequency multipliers. The multiplier 
is an electronic circuit that produces an 
output which is a multiple of its input fre- 
quency. The circuit can be a doubler (out- 
put frequency = input frequency X 2)^ a 
tripler (output frequency = input frequency 
X 3)> or higher. Normally, the roultipU' 
cation factor will have upper limits, but work 
around procedures can be used to counter^ 
act these limits. 

You niay recall from a previous module 
that square waves contain roany harmonics 
or multiples of the fundamental frequency, 
and class B or C amplifiers cause squaring 
of the input signal. Based on these theories, 
it is possible to take a sine wave out of an 
oscillator, feed it into a class B or C ampU^ 
fier and produce a distorted or squared output. 
This output contains large numbers of har- 
monics or multiples of the fundamental input 
frequency. The next step is to select the 
desired multiple and this can be accomplished 
by an LC tank or filter. When inserted in 
the amplifiers output, the filter will pass one 
of the frequency components contained in 
the square wave, 

Ir, general, the upper limit of a multiplier 
is the 4th harmonic due to power and stability. 
If the output is required to be higher than 4 
times the oscillator frequency, several fre- 
quency multipliers can be cascaded together. 
For example, the output of an oscillator 
could be connected to a doubler, a tripler, 
and another doubler. This arrangement would 
give a multiplication factor of 12, (Oscil- 
lator frequency x 2 x ^ x 2 ^ Oscillator 
frequency x 12,) If the input frequency 
and the value of L and C of the filter is 
known, it is relatively simple to calculate 
the output frequency, and determine the 
multiplication factor. 



For instance, with the information given 
on the frequency multiplier schematic figure 
45-1, the output frequency and multiplication 
factor is calculated as follows: 

First, the resonant frequency is calculated 
using the formula: 

yixlO'^xlOxlO"^^ 

^ J^9 

v/l X 10 X 1 X 10 



= .159 X 10 
= 1,59 MHz 

The output frequency has been calculated to 
be 1,59 MHz or 1,590 kHz, By dividir« the 
input frequency into the output frequency: 

1,590 kHz 
530 kHz 

The multiplication factor is 3, and the 
circuit is a tripler. 




Figure 45-1, Frequency Multiplier 
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Module 46 

SOLID STATE PULSED AND BLOCKING 
OSCILLATORS 

Radar transmitters require an oscillator 
that produces an output for a short dura- 
tion, and is then turned off for a period 
of time. Frequency shlftteletype multiplexers 
and telephone ringing circuits sometimes 
use this type circuit* Oscillators performing 
this function are called pulsed oscillators. 

Like other types of circuits you have 
studied, several different varieties are avail-* 
able for diXferentapplications. The schematic 
diagram figure 46-^1, with input and output 
signals shown, will be used during 
the explanation that follows. 



Figure 46-1 is a schematic diagram of a 
collector* loaded pulsedoscillator, Thecircuit 
is a simple common emitter ampli^er with 
CI to provide input coupling. ri furnishes 
a path for« and limits the amplitude of for- 
ward bias current, and the \jz tank circuit 
(C2/l1) is the collector load. The name of 
the circuit comes from the fact that the lc 
tank is in the collector circuit. If placed 
in the emitter circuit, it would be called an 
emitter-* loaded pulsed oscillator. 

Prior to the negative gate input, Ql is 
forward biased, collector current Hows, and a 
small voltage will be dropped across Ll and 
C2, The negative gate is coupled through 
CI to the base of Ql, overcomes the for- 
ward bias and causes it to cut off. Current 
stops and, the tank in the collector will 
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osdUate or FLYWHEEL. The sine wave 
output during this period, is shown In the 
waveform diagram. 

The frequency of the output sine wave is 
determined by the values of C2 and Ll. 
The period that oscillations are produced 
is determined by the width of the Input gate. 
At Tl, the input gate goes in a positive 
direction, Ql is again forward biased, col- 
lector current flows, and oscillations stop. 
At T2, the input gate again cuts Ql off, and 
oscillation starts. 

You should have noticed that no mention 
has been made of regenerative feedback. 
Remember that regenerative feedback was a 
requirement when oscillation is to be SUS- 
TAINED over a long period, in this circuit 
oscillation is only required for short periods. 
As the width of the input gate is increased 
the amplitude of the sine wave will begin to 
decrease (dampen) and may eventually stop. 
If long periods of oscillation are required 
for a particular application, a different pulsed 
oscillator (with feedback) will be used. You 
may read about this other type by consulting 
paragraphs in chapter 3 of Volume VI Studen. 
Teirt. 

Blocking oscillators are used in 
applications which require narrow pulses with 
sharp leading and lagging edges. They are 
used as trigger generators or frequency 
dividers in trigger processing circuits* The 
name comes from the internal action of the 
circuit which will produce a narrow pulse 
and block (cutoff) itself. The simplified 
schematic diagram and associated wave- 
shapes in figure 46-2 will be used to explain 
its operational characteristics. 

Look at the circuit components and try 
to understand their purposes. Rl is connected 
between the base and ^CC ^ provide a 
path for forward bias and Umit the amount 
of current. Ll and R2 form the collector 
load with Ll acting as the primary of a 
feedback transformer T-1. L2 is the 
secondary, and in conjunction with CI applies 
feedback from the collector to the base of 
Ql. CI and Rl work together to keep Ql 
cutoff for a period of time (dependent upon 
the RC time constant) and determine the rest 
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Figure 46-2. Blocking Oscillator 

time (Tl to T2) of the output signal. PRT, 
(TO to T2) and PRF are determined by Tl, 
CI, and Rl* Let's see how all this takes 
place. (Disregard R2 for the present.) 

Assume that power is connected to the 
circuit at time TO. Forward bias is applied 
by Rl, and collector current starts to flow. 
At first, Ll offers maximum opposition, 
drops most of the V^c and collectorvoltage 
rapidly decreases. The negative going voltage 
at the bottom of Ll is coupled across Tl, 
shifted in phase and increases the conduction 
of Ql by aiding the forward bias* This 
increase in current eventually causes trans- 
former saturation. The time that it takes for 
Tl to saturate (TO to Tl) determines the 
pulse width. When current maximizes in Ll, 
there is no longer a moving magnetic field, 
and induction into L2 stops. CI which 

has charged from time TO to Tl, will now 
discharge through R cutting Ql off. Ql will 
remain cutoff until CI has discharged to 
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Figure 46-3, Blocking Oscillator Outputs 

the forward bias level. This time is shown 
on the base waveform between Tl and T2. 
The ohmic value of Rl and the capacitance 



of Cl will determine the time It takes CI 
to discharge, and determine the time from Tl 
to T2, Decreasing either Cl or Rl would 
decrease rest time and increasing either 
would increase rest time. 

The collapsing magnetic field around Ll 
will cause ripples (ringing) on the collector 
waveform when the transistor is cutoff. The 
higher the Q of Ll, the greater the ampli- 
tude of these unwanted oscillations. With 
r2 connected across Ll, the Q of Ll can be 
reduced to eliminate these oscillations. The 
diagram of output pulses in figure 46-3 
Illustrates this fkct. Pul<:e A would occur 
if the r2 resistance is adjusted too high* 
Pulse B results when R2 is properly ad- 
justed, and pulse C is generated if r2 
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resistance is too low. The formula for Q, 
considering external resistance is: 



R 



The frequency of blocking oscillators is 
often critical. Since there are inherent in- 
consistencies, the circuit just discussed would 
be unsatisfactory for applications requiring 
stable frequency output, in such cases, an 
outside trigger can be used to control the 
frequency. The circuit and waveforms of 
figure 46-4 illustrate this stability control. 
The circuit operation is identical to the one 
just discussed, except that the trigger causes 
the transistor to conduct before CI is com^ 
pletely discharged. 

Figure 46-4 can be used to help explain 
the frequency dividing capability of the 
blocking oscillator. Input triggers combine 
with the base waveform to alter the natural 
operating frequency. At times TO and T2, 
the trigger can overcome the reverse bias 
and cause Ql to conduct. At Tl, however, 
the capacitor CI has not discharged enough 
to allow this to occur. The circuit responds 
to every second trigger, doubles the time and 
divides the frequency by two. For this reason 
the circuit may be called a 2 to 1 blocking 
oscillator. 
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Module 47 
SOLID STATE MULTIVIBRATORS 

In general, multivibrators produce square 
or rectangular waveshapes in their output. 
They are used in numerous applications such 
as timing, gating, shaping^ storing, shifting, 
and frequency division. Because of their 
numerous applications, three basic types are 
required. However, tor specialized appli- 
cations, the basic types are frequently modi- 
fied as required to fit the spectre need. 
The theory of operation of all types are 
very similar, and complete mastery of one 
will enable you to distinguish and under- 
stand individual differences. 

Identification of the three basic types is 
relatively simple. Figure 47-1 represents a 
basic Astable, figure 47-2 a Monostable, 
and figure 47-3 a Bistable mulUvibrator, The 
output waveshapes of each are shown, along 
with the input trigger if atrigger is required. 
Use these schematic dlfigrams and wave- 
shapes while reading the explanations that 
follow. 

The names ofthe three basic multivibrators 
are derived from the number of stable states. 
For instance, the Astable has no stable state. 
Ql and Q2 will alternately switch from cut- 
off to saturation. When Ql is cutoff, feedback 
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Figure 47-1. Astable Multivibrator and Waveshapes 
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causes Q2 to saturate. The Monostable has 
one stable dtate. Because of the bias arrange- 
ment, one transistor will remain cutoff (Ql 
In figure 47-2), and the other will remain 
saturated until an external trigger is applied. 
The trigger will cause the cutoff transistor 
to saturate and the saturated transistor to 
cutoff. After a period, determined by the RC 
time constant (R2 and C2 of figure 47-2), 
the circuit will return to the original state 
until the next trigger is applied. The Bistable, 
as the name implies, has two stable states. 
One transistor will be saturated and the other 
transistor cutoff until an external trigger is 
applied. The trigger causes the transistors 
to reverse states, and remain in the reverse 
state until a second trigger is applied to 
switch them back. 

For circuit identification, (figure 47-1) 
note that the astable circuit has a resistor/ 
capacitor combination in each base circuit, 
C2/R3 for Q2, and C1/R2 for Ql. The 
nionostable has a resistor/capacitor combi- 
nation (figure 47-2) in only one base circuit 
(r2/c2 for Q2). The bistable uses direct 
coupling from the collector to base of both 
transistors (figure 47-3). In addition, the bi- 
stable employs an emitter resistor that is 
common to both transistors (R4). 

The waveshapes of each type multivibrator 
are valiiable aids to understanding their 
opprational characteristics. For instance, the 
waveshapes of the Astable circuit show that 
Ql is saturated (TO to Tl) while Q2 is cut- 
off. It also shows that Q2 is being held at 
cutoff by the negative signal on its base. 
Furthermore, it shows that the voltage onthe 
Q2 base decreases at an exponential rate, 
and Q2 again becomes saturated when the 
voltage decreases sufficiently. C2 discharging 
through R3 determines how long Q2 stays 
cutoff. CI discharging through r2 deter- 
mines how long Ql remains cutoff (Tl to 
T2). The cutoff time of Q2 added to the 
cutoff time of Ql produces one complete 
cycle (TO to T2). Therefore, the output PRF 
is controlled by the base RC components 
(r2, CI, r3, C2). The square wave can be 
taken from the collector of either tran- 
sistor with 180 degrees phase relationship.' 



The astable multivibrator waveshapes are 
fairly straightforward, and if the location of 
one waveshape is given, tbe location of the 
other three can be determined. Note that both 
transistors are common emitter configura- 
tions, and a phase shift of 180 degrees will 
take place between the base and collector 
of each. Since the base circuits have RC 
time constants determining their waveshapes, 
they will have exponential curves. If you 
were given the waveshape for VBQ2r 
would know tiiat Vbq2 same shape but 

180 degrees out of phase. Other similar 
relationships exist among the waveshapes of 
the astable multivibrator. 

The waveshapes for the monostable and 
bistable circuits are equally as simple to 
determine. You should note tiiat the mono- 
stable circuit has an exponential base cir- 
cuit waveform on only one transistor, and the 
bistable circuit has square waves throughout. 
In addition, the monostable circuit pulse width 
(Tl to T2) is controlled by the size of C2 
and r2, but the output PRT (Tl to T3) is 
controlled by the input trigger. Both the pulse 
width (Tl to T2) and PRT (Tl to T3) of the 
bistable circuit is controlled by the input 
trigger. The bistable circuit takes two trig- 
gers to produce one cycle out, or it divides 
the input frequency by two. 

Troubleshooting multivibrator circuits (see 
figure 47-4) is relatively simple if you 
remember the basic concepts of transistor 
amplifiers. For instance, you may recall 
that increasing forward bias on a transistor 
decreases the transistor's resistance and 
increases the current flowing through it. 
If the forward bias is increased enough, the 
transistor wi^I become saturated, its resist- 
ance will be very low and the voltage from 
collector to ground (V^) will almost drop 
to zero. 

On the other handj decreasing forward bias 
on a transistor increases its resistance and 
decreases the current through it. If the bias 
is decreased enough, a point is reached 
where It becomes reverse biased, and the 
transistor is cutoff. When cutoff is reached, 
resistance Is maximum and current almost 
ceases to flow through it. At cutoff, the 
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Figure 47-4. FNP Actable MuUlvibrator 

collector to ground (Vc) voltage is nearly 
equal to Vcc- 

Symptom: Vc ot Ql is nearly equal to 
Vcc ^^^y close to 

zero volts* (See figure 47-4). 

Cause: The symptom Indicates that Ql is at 
cutoff and Q2 is saturated. What would 
cause this? One possibility is R2 open* 
To understand this^ trace the forward bias 
current path for Ql ftom -Vcc> through 
R2f the emitter/base junction to ground. 
With R2 open, Ql would have no forward 
bias. It will be cutoff, and its collector 
voltage (Vc) would very nearly equal 
Vcc- Vcc would be coupled ftoro Ql 
collector to Q2 base causing it to saturate, 
and the collector to drop to a level close 
to zero* 

Ql open would also cause this symptom. 
Remember that applied voltage (in this 
case (Vcc) ^® dropped across an open. 
Vcc (^^^ collector of Ql) would be 
coupled to the base of Q2, keeping it 
saturated and its collector voltage nearly 
equal to zero volts* 

Symptom: VcQi is nearly equal to zero 
volts, and VcQ2 is nearly equal to Vcc* 

Cause: R3 open or Q2 open. If necessary, 
you can explain thisto yourself byfollowing 
the explanation for the symptom above, 
and substituting Q2 for Ql, Ql for Q2, 
R3 for R2> and R2 for R3* 

Symptom: VcQi equals zero volts* VcQ2 
is very low but greater than zero volts. 



/3 

Cause: Rl open or Ql shorted would cause 
this symptom. Rl and Ql are in series; 
and with Rl open, total voltage would 
be dropped across Rl, leaving none to be 
dropped between the Ql collector and 
ground* With Ql shorted, its resistance 
would be zero ohms and would drop no 
voltage tTom collector to ground. How 
would this cause Q2 to be saturated and 
keep the collector voltage near zero volts? 
Recall that the only thing which will cause 
Q2 to decrease in conduction (and cutoff) 
is a changing voltage coupled to its base 
from the collector of Ql. Since the col- 
lector of Ql is remaining at zero volts, 
C 2 can not charge and dis charge , and 
nothing is coupled from the Ql collector 
to Q2 base. Therefore, since Q2 has a 
constant forward bias ftom -Vcc> through 
R3» the emitter/base junction to ground^ it 
will conduct constantly near saturation* 

Symptom; Vcq2 and Vcqi is very low but 
greater than zero volts. 

Cause: CI open or C2 open* Assume that 
CI is open for the following explanation. 
When power is first applied^ both tran- 
sistors initially conduct almost at satura- 
tion, and Vc of both will be low* With 
CI open, nothing will be coupled from the 
collector of Q2 to the base of Ql* Vc of 
Ql will stabilize at a value determined 
solely by the amount of forward bias 
current that flows through R2 and the 
emitter/base Junction* Since ^c of Ql will 
not be changing, nothing will be coupled to 
the base of Q2. Therefore^ ^CQ2 ^ 
determined solely by the forwardbias cur-* 
rent that flows through R3 and the emitter/ 
base junction. Since the value of R2 and 
r3 is chosen to cause the transistors to 
conduct near saturation, Vc of both will 
be very low* By substituting C2 for CI and 
Q2 for Ql, you can go through the same 
explanation for C2 open. 



Symptom; VcQl equals Vcci VcQ2 ^®^ly 
equals zero volts* 
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Cause: Rl Is shorted. Recallthatnovoltage 
is dropped across a shorted component (Rl 
in this case), aad since Rl and Ql are in 
series, Vqq would be measured on the Ql 
collector. This voltage is coupled to the 
base of Q2 causing it to saturate, and its 
collector voltage nearly equalto zero volts. 

Symptom: V^-Qg equals V^^; Vqqi nearly 
equals zero volts. 

Cause: R4 shorted. You can explain this 
malfunction by following the preceding 
explanation, substituting R4 for Rl, Q2 
for Ql, and Ql for Q2. 



Before discussing the following mal- 
functions, a brief review is in order. Recall 
that increasing forward bias of a transistor 
beyond a given point (depending on the 
transistor's characteristics) will cause 
structural breakdown and destruction of the 
transistor. In all probability, structural break- 
down would occur if any one of the base 
components (CI and R2 for Ql, and C2 and 
R3 for Q2) is shorted. In the following dis- 
cussions you can assume that the transistors 
can stand the added current without structural 
breakdown. 



ERLC 



Symptom: Vcqi and yQQ2 nearly equal to 
zero. 

Cause: CI, C2, R2, or R3 is shorted, you 
should see that parallel paths now exist 
for forward bias current (from -Vcc 
through R2 and from -V^-^- through R4 
and around the shorted CI). These two 
currents combine as the base/ emitter 
current for Ql, causing Vqqi to be very 
near zero. Since the voltage does not change, 
nothing is coupled to Q2 to affect its 
operation. R3 allows enough cu; ent to 
flow through the emitter/base junction of 
Q2 to cause saturation and its collector 
voltage will be near zero. Any of the 
other three base circuit components shorted 
will cause the same operation. 

If you thoroughly understand the trouble- 
shooting of the astable circuit as explained 
above, you should be able to apply this 
knowledge In troubleshooting the monostable 
and bistable circuits. 

If the waveshape of a square wave signal 
becomes distorted or rounded, a Schmitt 
Trigger circuit may be used. This circuit 
will furnish a sharp rectangular output pulse 
of about the same duration and polarity as 
the input signal* The Schmitt Trigger restores 
a distorted square wave to itsuriginal shape. 

The Schmitt trigger is basically a multi* 
vibrator* The main difference is that one of 
the coupling networks is replaced by a com- 
mon emitter resistor^ providing additional 
regenerative feedback to obtain a faster 
switching time. The circuit is shown in 
figure 47-5. 

In the quiescent state^ Ql is cut off, and 
Q2 is held at saturation by the negative 
voltage developed by the voltage dividing net- 
work R3, R4, and R5. The current through 
Q2 causes a voltage drop across R7, reverse 
biasing Ql and keeping it cut off. The output 
taken from the collector of Q2 is about 0 
volts. 

At TO, the negative signal applied to input 
A has sufficient amplitude to turn Ql on. 
The collector of Ql goes to about 0 volts 
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Figure 47-5, Schmitt Trigger 



as the transistor conducts. This change in a 
positive direction is coupled to the base of 
Q2 causing a decrease in conduction. The 
decrease in conductionofQ2 further increases 
forward bias on Ql until it saturates. With 
Ql saturated Q2 will be cutoff and the out- 
put will be close to V^^;;, 

The circuit remains in this state until 
Tl when the input voltage becomes less 
negative. At this time, Ql will start to 
conduct less and its collector voltage begins 
to change in a negative direction* This 
change is coupled to the base of Q2 v^ich* 
in turn, reflects reverse bias on Ql to cut it 
off. With the collector of Ql at negative 
Vcc» conducts near saturation^ and the 
output is near zero volts. 

Notice how the rounded input wave is 
converted to a square wave output. The 
sharp rise and fall of the edges is due to 
the regenerative feedback between Q2andQl. 
Any slight change In the conduction of Ql 
is applied to the base of Q2 which changes 
the emitter voltage of Ql- Capacitor CI 
speeds the transition from one state to the 
other* 

Schmltt trigger circuits are not only used 
for squaring circuits but also as voltage- 
level sensing circuits* Voltage sensing 
circuits are useful in warning or control 
circuitry. If the input voltage rises above 
or falls below a specified level, the Schmitt 



circuit produces an output, which activates 
a warning device. 

Since the troubleshooting theory of the 
Schmitt trigger circuit is very similar to the 
astable multivibrator, the following symptoms 
and probable causes are presented without 
explanation* Refer to figure 47-5 while 
analyzing the troubles and causes* 

Symptom: No output; VcQ2 is near zero- 

Possible Causes: R3, R4, or CI shorted; 
R6 open. 

Symptom: Vcq2 normal; no output. 
Possible Causes: Rl or Ql open; R2s]tK)rted, 
Symptom: High frequency distortion in output* 
Possible Cause: CI open* 



Module 48 

SOLID STATE SAWTOOTH GENERATORS 

A sawtooth generator's the name implies, 
generates an output signal shaped like the 
tooth of a saw. The deflection plates of an 
electrostatic deflection cathode ray tube, 
such as used in most oscilloscopes, requires 
a voltage of this shape for proper opera- 
tion. Severalmethods, allinvolvingthecharge 
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Flgxire 48-1. Sawtooth Generator 



of a capacitor, are used In producing a signal 
of this shape* We ^vlU discuss only one of the 
most common solid state types. 

The circuit and waveshapes showa In 
figure 4S-1 should be used wth the explana- 
tion that follows* 

First, look at the schematic diagram and 
disregard the input signal* Ql is biased 
very near saturation by the current flomng 
down from -Vcc» through Rl,andthroughthe 
base /emitter junction to ground. With Ql 
biased near saturation, it effectively shorts 
CI and a very small voltage (-2.5 volts, 
as shown on the output waveshape) will be 
dropped from collector to ground. Without 
an input signal, VcQl "Will remain at this 
level* 

Apply the positive going input gate (TO 
to Tl) to the base of Ql* This positive 
going voltage applied to the N-type base 
reverse biases Ql, and causes It to cutoff* 
When Ql cuts off Vqqj cannot Immediately 
jump to Vqq because CI has to charge* 
Since the capacitance of CI and resistance 
of r3 determines how fast CI will charge, 
the VcQi will change at an exponential 
rate (TO to Tl of the output signal)* The 
charge time (slope) of the output wave is 
developed at this time. At Tl of the input 
gate, the base signal goes back in a nega- 
tive direction, Ql Is again forward biased, 
and the Vq of Ql returns to Its original 



level (-2.5 V). This change does not occur 
instantly (as shown on the output signal) 
because CI has to discharge* The discharge 
time is much less than the charge time, 
because the capacitor's dischajrge path con- 
tains the very small resistance of the satu- 
rated Ql. A complete cycle has been pro- 
duced in the output. The FRF of the output 
Is determined solely by the Input gate* 
Observe that the slope portion (TO to Tl) 
of this output signal appears to be linear, 
whicli is most important. 

You may recall that the first 10% of the 
charge on a capacitor is quite linear. You 
can prove this by checking the Universal 
Tln^e Constant Chart handout given you 
earlier In this course* If the capacitor Is 
allowed to charge to a level not exceeding 
10% of applied voltage (,1 time constant), 
the sawtooth wave will be linear* From 
your experience with an oscilloscope, you 
should appreciate the need for sawtooth 
linearity. 

The sawtooth voltage Is applied to the 
deflection plates to move the electron beam 
across the oscilloscope face* If the sawtooth 
was not linear, then the signal produced on 
the oscilloscope face would not be linear. 
Consequently, in order that frequency can be 
measured accurately, the sawtooth wave must 
be very linear. It will be linear if the capa- 
citor is not allowed to charge to more than 
10% of applied voltage. 
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Now, how is the percent of charge con- 
trolled? In this circuit, it is controlled 
two ways. The input gate determines the 
cutoff and conduction time of Ql. It deter- 
mines how long CI will be allowed tocharge* 
Linearity would be improved by shortening 
the cutoff time of Ql, and Impaired by in- 
creasing the cutoff time of QU The values 
of CI and R3 will determine how fast CI 
will charge* Linearity can be assured by 
choosing values of capacitance and resistance 
such that not more than .1 time constant 
elapses during the cutoff time of QU In- 
creasing the size of either (or both) CI 
or R3 would improve output linearity, while 
decreasing the size of either or both would 
impair linearity. Amplitude of the sawtooth 
could be increased by increasing 
without affecting linearity. 

Troubleshooting from a practical stand- 
point of this solid state sawtooth generator 
is adequately covered in the laboratory 
exercise. However, a brief discussion of 
theoretical troubleshooting of this circuit is 
in order. Since the principles covered in 
the first two paragraphs of multivibrator 
troubleshooting applies, you may find it to 
your advantage to review Module 47 digest* 
Refer to figure 48-1 during the trouble- 
shooting discussion. 



voltage divider. The V^^^ would depend 
upon the ohmic resistance that CI had. 



Symptom: V is zero volts, 
CQl 

Possible Causes: 

1. Ql or CI is shorted. (Self-explanatory) 

2, R3 open. An open R3 would drop all 
of V , leaving none to bs dropped from Ql 
collector to ground. 

Symptom : Output signal is an amplified 
version of the input gate, but 180 degrees 
out of phase. 

Possible Causes: CI open* Without CI the 
circuit would be a simple common emitter 
amplifier. 

Symptom; V ^ very nearly equals V : 
no sawtootn wave is generated. 

Possible Causes; 

1. Rl open. No forward bias* Ql cutoff, 
dropping most of V^^. 

2. Ql open. CI would charge to V and 
remain charged, regardless of the Inputgate* 



Symptom: V^Qi is very low and no sawtooth 
wave is generated. 

Possible Causes: 



Module 49 

SOLID STATE 
TRAPEZOIDAL GENERATORS 



1. Circuit producing input gate is inop- 
erative. Without an input gate to cut Ql 
off, it would remain saturated by the forward ^ 
bias current flowing through RK 

2* C2 open. Input gate signal would never 
reach base of Ql. 

3. (Probable) Rl is shorted. Forward 
bias would be high enough in amplitude that 
input gate would not cause Ql to cutoff. 

4. CI has low resistance, is shorted 
(leaky). A leaky capacitor acts like a re- 
sistor. And, if such were the case, CI 
and R3 would form a simple resistive 



A common solid state trapezoidal 
generator, with input and output waveshapes 
is shown in figure 49-1. Use this schematic 
and the waveshapes wliile reading the fol-> 
lowing explanation. 

The only difference between this circuit 
and that of a sawtooth wave generator is 
the addition of R3 in series with C2 between 
the collector and ground. Without the input 
gate, Ql is biased near saturation and V 
is nearly zero volts. At TO, the input gitte 
causes Ql to cutoff and act like an open. 
The circuit between ground and V with 
Ql open consists of C2, R3, and nR[2. At 
the first instant, C2 acts as a short and 
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Figure 49-1. Trapezodlal Generator 



50 volts V will be dropped across R3 
and B2. The* voltage drop across B3 is what 
causes this circuit to produce a trapezoidal 
waveform. The R3 voltage drop is called 
jump voltage because V "jumps" to 
this value (.5 volts in this^ Citcult) as soon 
as Ql cuts off. The amount of V and 
the relative size of R2 and B3 willde^rmine 
the amplitude of the Jump voltage* 

From this point forward, the trapezoidal 
wave generator functions exactly Like the 
sawtooth wave generator you have just 
studied/ 



MODULE 50 
SOUD STATE 
LIMTTERS AND CLAMPERS 

Common diode limiters are divided into 
two major categories, series and shunt. As 
the names imply, the diode of the series 
limiter is in series wit^ the load, and the 
diode of the shunt limit&r is in parallel 
with the load. Both types can be used to 
limit either the positive or negative portion 
of the input signal* A positive limiter removes 
all or a portion of the positive half of the 
input signal, while a negative limiter removes 
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all or a part of the negative half of the in- 
put signal. Shunt limiters often have fixed 
bias applied to the diode* When the diode is 
biased^ the bias amplitude will determine the 
level of limiting, 

Zener diodes are many times used as 
limiters. The Zener diode is connected in 
shunt with the load. When the input signal 
causes it to be forward biased^ the zener 
will act like a regular diode. It will con* 
tinue to operate without damage when the in- 
put reverses polarity^ and if ttie signal 
exceeds the breakdown pointy it will limit 
the output. The zener diode can be used to 
give ttie same effect as biased shunt diode 
limiters without the necessity of using a 
battery. 

Transistors are also used for limiting 
applications. With a small forward bias, 
the input signal will cause a transistor 
amplifier to go into cutoff. With a relatively 
high forward bias» the input signal can 
cause the amplifier to go into saturation. 



In either case, a portion of the output sig- 
nal would be clipped off (limited)* 

Increased forward bias would decrease 
cutoff limiting and increase saturation 
limiting. Decreasing forward* bias would 
have the opposite effect. If the input signal 
amplitude were high enough^ the transistor 
amplifier would be alternately driven to 
cutoff and saturation. In this case^ both 
the negative and positive alternations would 
be limited in the output^ and ttie circuit 
would be called an overdriven limiter. 

Unlike limiters, the purpose of a clamper 
is not to alter the input signal shape, but 
to change the voltage level of either the 
upper or lower limits of ttie output signal* 
Clampers are like limiters since ttiey are 
either positive or negative, A positive 
clamper clamps the upper extremity of the 
output signal. Without bias^ the lower and 
upper reference level for positive and nega- 
tive clamper is zero volts. With bias^ the 
limits are determined by the bias voltage 
polarity and amplitude. 
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OVERVIEW 

1. SCOPE: There are three requirements 
for producing and maintaining a sine wave 
signal at a particular frequency. In this 
module, you will become familiar with these 
requirements. Also, you will learn to recog- 
nize the presence or absence of these three 
requirements in a simple block diagram of 
an oscillator. 

2. OBJECTIVE: Upon completion of this 
module you should be able to satisfy the 
following objective: 

From a list of statements, select the 
statement(s} that describe(s} the require* 
ments for sustaining oscillations at a 
particular frequency. 

LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
e^etience and preferences, any or aU o£ 
the following. 



Page 

1 
1 
1 
2 
4 



READING MATERIALS: 
Digest 

Adjunct Guide with Student Text VI 



AUDIO VISUALS: 

Television Lesson 30-513, Characteristics 
of Crystals 

Television Lesson 30*536, Introduction to 
LC Oscillators 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



Supersedes KEP-GP-42, dated 1 August 1975. 



erIc 



//7 



ADJUNCT GUIDE 

INSTRUCTIONS; 

Study the referencedmaterlalsas directed. 

Return to this guide and answer the 
questions. 

Conlirm your answers ag^Linst the answers 
at the bade of this Guidance Package. 

Contact your Instructor il you e^qaerlence 
any diiflculty. 

Begin the program. 



It is extremely difficult to pinpoint any * 
particular area of electronics that does not 
require generation of a signal of some type. 
For instance, the HEART of every radio and 
television station transmitter Is a type of 
signal generator called an oscillator. Since 
the use of signal generating circuits is so 
universal, it is Imperative that you 
completely understand the principles in- 
volved in creating and controlling electronic 
signals. This module is designed to aid you 
in understanding these principles. 



2. The basic requirements for sustaining 
oscillations at a particular frequency are 

a/ an 

. a. frequency determining device, 
regenerative feedback^ and a power supply. 

b. power supply, amplifier, andfrequency 

determining device. 

_c. ampliller, degenerative feedback, and 
a frequency determining device, 

d* frequency determining device, ampll,. 

fler, and regenerative feedback. 

3, Three common methods of frequency 
determination are through the use of 

a. class C amplifiers, class B amplifiers^ 

and class A amplifiers, 

b. crystals, RC networks* and LC tank 

circuits. 

,.„jc. common emitter amplifiers, common 
collector amplifiers, and common base 
amplifiers. 

— d. transformer coupling, RC coupling, 
and direct coupling. 



A, Turn to Student Text, Volume VI, and 
read paragraphs 1-1 through 1-67. Return 
to this page and answer the following 
questions. 



1 . The ideal sinusoidal jscillator 
produces a 

a. square wave output of constant fre- 
quency and amplitude. 

b. sine wave output of constant frequency 

and amplitude. 

c. square wave output of varying 

frequency and constant amplitude. 

d. sine wave output of varying frequency 

and constant amplitude. 



4, In general, LC tank circuits (are) (are 
not) used to produce an audio signal, because 
the physical size of inductors and capacitors 
required to produce an audio frequency is 
extremely (large) (small)^ 

5- The input signal to a sinusoidal oscillator 
is a (regenerative) (degenerative) feedback 
from the oscillator's output, 

6. The two stability requirements of oscil- 
lators are und . 

7. A radio frequency oscillator requiring a 
high degree of frequency stability would 
most likely be designed with a/an (HC 
network) (crystal) (LC tank circuit) as the 
frequency determining device. 
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8. Increasing the load on an oscillator 
means that the resistance of the load has 
(increased) (decreasod). 

9* Increasing the load on an osciliator 
(improves) (impairs) frequency stability and 
(iniprOT?es) (impairs) amplitude stability. 

10* In general, an LC oscillator can be 
operated class 

, a> A only. 

b. B only, 

C- C only* 

d. A, B, or C. 

11* A square or rectangular waveform is 
produced by a transistor alternating between 



and 



12. To produce a good square or rectangular 
wave^ a transistor switch time must be 
(fast) (slow). 

13- The first 10 percent of a capacitor's 
charge is used to form ^ sawtooth waveform 
because it is the (least) (most) linear. 

14* The primary difference between a saw- 
tooth suid a trapezoidal waveshape is 



CONFIRM YOUR ANSWERS 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK* 



MODULE SELF-CHECK 
QUESTIONS: 

1+ What are the three requirements for 
sustaining oscillations at a particular fre- 
quency? 

_a. Overdriven amplifier, degenerative 
feedback, and a frequency determining device. 

b. Frequency determining device, ampli- 
fication, and regenerative feedback* 

c* Power source, amplifier, and re- 
generative feedback. 

_d> Amplifier, regenerative feedback, and an 
output coupling device* 

2* The frequency of an oscillator that uses 
an LC tank circuit as the frequency deter- 
mining device can be increased by 

_a> increasing capacitance or increasing 
inductance* 

b> increasing capacitance or decreasing 

inductance* 

c. decreasing capacitance or decreasing 

inductance, 

d* decreasing capacitance or increasing 

inductance. 

3* Amplitude stability and frequency 
stability of an oscillator are improved when 
the 

-p^a, load impedance is increased, 
^h, load impedance is decreased. 
_c, frequency is increased* 
_d* frequency is decreased, 
CONFIRM YOUR ANSWERS 
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ANSWERS TO A: 



ANSWERS TO MODULE SELF-CHECK: 



U b 

1. b 

2. d 

3, b 2. c 
4> are not, large 

3. a 

5, regenerative 

6. frequency and amplitude 
'tr crystal 

8, decreased 

dr Impairs, impairs 

10, d 

11, saturation and cutoff 



12. fast 

13. most linear 

14. the jump voltage 

If you missed ANY questions, review tlie 
material before you continue. 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHER GUIDANCE. 
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OVERVIEW 

L SCOPE: It is intended in tills module of 
instruction that you gain an understanding of 
the principles involved in producing sine 
wave signals. You will study several different 
methods, each utilizing the same basic 
principles of producing sine wave signals. 
You should learn that the type of oscillator 
used for a particular Job is determined by 
the requirements, to include power, fre- 
quency, and stability- Finally, try to become 
proficient in the use of the oscilloscope as 
an aid in circuit checking and troubleshooting. 

2- OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives. 

a« From a schematic diagram of any one 
of the following oscillator circuits, select the 
components that comprise the feedback loop, 
frequency determining device, forward bias 
network* ^d frequency adjustment: Series 



Hartley; Shunt Hartley; Colpitts; Clapp; 
l^utler. 

b. Given a list of statements, select the 
statement(s} which describe(s) the effect of 
varying the output load on an LC tank circuit. 

c. Given a list of statements, select the 
statement(s} which describe(s} the purpose of 
a buffer amplifier. 

d. Given a trainer, multimeter, and oscil- 
loscope, measure the change in output 
amplitude and frequency for a given change 
in load at the output of an LC oscillator 
circuit within ±10 percent accuracy. 

e. Given a trainer, multimeter, and oscil- 
loscope, measure the change in output 
amplitude and frequency between a maximum 
and minimum load with a buffer amplifier 
inserted between LC oscillator output and 
the load wltliln ilO percent accuracy. 



Supersedes KEP-GP,43, 1 September 1975. Present stock will be used. 



LIST OF RESOURCES 

To satisfy the objectives of this module* 
you may choose, according to your training, 
experience* and preferences, any or all of 
the following. 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text VI 

AUDIOVISUALS: 

Television Lesson 30-556, Oscillators* 
TSTR Hartley, Colpitis, and EOC 

LABORATORY EXERCISE: 

Laboratory Exercise 43-1, Solid State 
LC Oscillators 

AT THIS POINT* IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK* 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 

ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed ^ 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the hack of this Guidance Package. 

Contact your Instructor If you experience 
difficulty. 

Begin the program. 



Regardless of your particular Air Force 
Specialty Code in Electronics, you will see, 
operate, troubleshoot, and repair Air Force 
weapon systems containing oscillators. You 
learned in the previous module that one of 
the most common methods of producing 
and controlling a radio frequency sine wave 
signal is through the use of LC tank circuits. 
Just as there is a number of motor vehicles- 
all using basically the same type of engine- 
manufactured for different Jobs, there is also 
a number of different osclUatorSt using 
basically the same type of frequency deter- 
mining device and designed for different 
applications In electronics* 

It is not the purpose of this module to 
teach you every detail about every lC 
oscillator In existence . However, the 
principles of several types are covered, 
and by applying the principles learned here, 
you will be able to analyze and troubleshoot 
all LC oscillators, regardlesofhowtheyhave 
been modified. 



A* Turn to Student Text, Volume VT* and 
study paragraphs 2-1 through 2-17. Return to 
this page and complete the following statement: 

1. The three requirements for sustaining 
oscillations at a given frequency are: 

a. ■ 

b, 

c* 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE. 



B. Turn to Student Text, Volume VI, and 
study paragraphs 2-18through2-50*Return to 
this page and complete the following statements: 

(NOTE: Questions I through 15 refer to the 
schematic diagram, figure 43-I)+ 



1 



ERLC 
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Figure 43-1 
1. Fit^ure 43-1 is the schematic diagram 
of a/an . oscillator. 



2. CI and 



comprise the 



frequency-determining device, CI is also 

used to adjust the of the 

oscillator. 

3, R2 provides a path ^or, and control::; 
the amount of ■ current. 

4* Increasing the resistance of Rl would 

cause . and 

output ait)plitude to Increase. 
5, T — : and C 



the feedback signal. T« 



, couple 
and 



couple the output signal. 



6, The purpose of R3 Is to provide (forward 
bias) (temperature stability); C3 prevents 
(thermal runaway] (degeneration). 

7. The regenerative feedback loop causes 

. degrees phase shift. 

It is the combined effect of 



8, CompLete the following equatiot>5-, 

^' V=^R2^^BE^^R( ) 
Vcc =Vc( ) )'^Kl( j 

9, Shorting C4 would fiause to (decrease 
to near 3ero) (increase to near V^^), and 
the circuit (would) (would not) oscillate. 

10, Symptoms; is nearly equal to V^c^ 
E}^3 is near zero; Er2 is nearly equal to 
^CC' A possible trouble is: 

, a. Rl open 

. b. R3 open 

, c. R2 open 



degrees across Ql and 
across Tl. 



degrees 



d. L3 cp'^n 

U. An open C2 (would) (would not) cause 

a significant change in V^. A shorted C2 

would cause to be nearly equal to (zero) 
(Vcc)' 

12. An open C2 would cause the circuit to 

stop oscillating because the (feedback) 

(forward bias) path would be broken^ a 

shorted 02 would cause the circuit to stop 

oscillating because the (feedback) (forward 

bias) would be eliminated. 

Symptom; is equal to Vqq, a 

possible trouble is: 

a, Ql op€n. 

b, C4 shorted. 

c* Tl open. 

d. C3 shorted. 
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14. An open C4 (would) (would not) cause a 

significant change in V^* The circuit (would) 

(would not) oscillate and an output signal 

(could) (could not) be detected across L4* 

15+ An open LI (would) (would not) cause 

to equal zero. It (would) (would not) 

break the feedback path, and the circuit 

(would) (would not) oscillate. 

CONFIRM YOUR ANSWERS AT THE BACK 
OF THIS GUIDANCE PACKAGE* 



C* Turn to Student Text, Volume VI, and 
study paragraphs 2-^51 through 2''56. Return 
to this page and respond to the following 
statements/ questions: 

(NOTE: Question 1 through 5 refer to figure 
43-2 schematic diagram*) 



^OUTPUT LOAO 



Figure 43-2 

1, The identifying feature of the 

is the 

tapped coil. 

2, A path for direct current flow through 
the LC tank circuit denotes ttiat the circuit 
15 (series) (shunt) fed. 



3* The purpose of C2 is to: 

. a. prevent degeneration. 

b« shunt RFaroundthepowersupply. 

- c« couple regenerative feedback. 

d« control oscillator frequency. 

4. Moving the center tap of the primary of 
Tl toward point B would cause feedback 

amplitude to (increase) (decrease), output 

amplitude to (increase) (decrease), and (an 

increase) (a decrease) (no change) in output 
frequency. 

5* The purpose of C4 is to (prevent 
degeneration) (shunt RF around the power 
supply). 

CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE. 

D* Turn to Student Text, Volume VI, and 
study paragraphs 2-57 through 2^59. Return 
to this page and l*espond to the following 
statements/questions: ^cc 




INPUT 
IFHOm 
OSCtLLATOfl) 



OUTPUT 
(TO LOaOI 



Figure 43-3 

1. The correct name of the circuit of figure 

43-3 is a ^ amplifier. 

Its purpose Is to (provide a large voltage) 
(isolate the osciUator from load changes). 

2. The common (base) (collector) (emitter) 
configuragion of the figure 43- 3 circuit 

provides a (high) (low) input impedance, and 
the output load resistor can be selected to 

match the (input) (output) impedance of a 
circuit which foUows it* 
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CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE, 



E, Turn to Laboratory Exercise 43-1, This 
lab project will reinforce and prove most of 
the principles you have learned about LC 
oscillators. You will be able to observe the 
effect that a change in tank circuit capaci- 
tance has on oscillator frequency, the phase 
relationships that exist in the circuit, and the 
effect that a change in load has on frequency 
and amplitude stability. 

In addition, you will gain valxiable experience 
in using the oscilloscope to measure fre- 
quency and amplitude. 

Return and continue with this program when 
the Laboratory Exercise has been completed. 



F. Turn to Student Text, Volume VI, and 
study paragraphs 2-60 through 2-66, Return 
to tills page and respond to the following 
statements/questions: 

(NOTE: For questions 1 through 4 refer to 
the figure 43*4 schematic diagram,) 




a, R4, and R3, 

b, R4, C2, and Rl, 

c, C3, Tl, ground, and Rl, 

. d, C3, autotransformer (LI & L2) 

and C5, 

3, Complete the following equations: 

^' ^3^^B*^( ) 

^4 = V )" 

^2 = ^B^^{ ) 
^' ^B = ^3' V ) 

4, Amplitude of the output signal is con- 
trolled by adjusting (CI) {Tl Tap posiUon), 
and output frequency is controlled by adjusting 
(C4) {Tl tap position). 

CONIFRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE 



G, Turn to Student Text, Volume VI, and 
study paragraphs 2-67 through 2-78, Return 
to this page and respond to the following 
statements/questions: 

{NOTE: For questions/statements 1 through 
5, refer to figure 43-5 schematic diagram). 



Figure 43-4 

1, The tapped inductance and use of C3 
to pass RF and block DC, identifies this 

circuit as a (series) (shunt) (Hartley) 

(Colpitts) oscillator. 

2, Tha regenerative feedback path for this 
oscillator circuit includes Ql, 




Figure 43-5 
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1. Obtaining regenerative feedback across a 
capaciUve voltage divider identifies this 
circuit as a - oscillator. 

2. H ■ and H ^iorm a 
voltage divider for developing forward bias. 

3. In addition to developing the feedback 

Signal, Rl also provides ^ 

stabilization. 

4. The collector load resistor is R 

One reason that the frequency stability 
of the Colpitis oscillator is very good is that 
C3 and C4 greatly reduce the effects of 

a change in - 

(NOTE: For (juestlons/ statements 6 through 
10, refertothe figure 43-6 schematic diagraiD). 




Figure 43-6 
6, In this circuit, R3 provides a path for, 

and limits the amount of 

- current. 



7. The principal difference between the 
flgure 43-5 and figure 43-6 schematic dia- 
grams is the addition of 

8* Symptoms: No outpulsignal; V,-,isnormal. 
A possible trouble is: 

a, C4 shoried. 

. bt CI open. 

c. C5 shorted. 

■ d* C2 open* 

9^ Symptoms: No output signal; is lower 
than normal; DC voltage on the emitter is 
zero. A possible trouble is: 

a. C4 shorted. 

. . — b« CI open. 

— Ct C5 shorted, 

— — dt C2 open. 

10« Symptom: Vq equals 0 volts. A possible 
trouble is: 

a. CI shorted. 

bt R3 open. 

- c« C4 shorted. 
d* R4 open* 

CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE. 
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H- Turn to Student Text, Volume VI, and 
study paragraphs 2-79 through 2-82, Return 
to this page and respond to the "^following 
statements/ questions: 

(NOTE: For questions 1 through 7, refer 
to the schematic diagram of figure 43-7)* 




Figure 43-7 

1, The regenerative feedback loop for this 
circuit is composed of: 

a, Rl^ Yl, and R2, 

. b- QIf Y1, Q2, and CI, 

. c, Ql, Yl, Q2, and the lC tank 

circuit, 

, d, Yl, Q2, R4, and HI, 

2« Figure 43-7 Is the schematic diagram of 

a , crystal oscillator, 

3« The frequencydetermlnlng device forthis 

oscillator circuit is 

4* Quartz crystal Yl In this circuit is 
operated in its (series) (parallel) resonant 
mode and offers (minimum) (maximum) lidped- 
ance to its resonant frequency. 
5, The load component for Ql Is (R3) 
(Yl) (Rl), and the load component(s) for Q2 

are (R2) (R5) (C2 and LI)* 



6. The purpose of CI is to couple the 
(output) (feedback) signal. 

7> R2 is required to develop the (input) 
(output) signal for Q2* 

CONFIRM YOUR ANSWERS AT THE 

BACK OF THIS GUIDANCE PACKAGE » 



LABORATORY EXERCISE 43-1 
OBJECTIVES: 

1. Given a trainer, multimeter, and oscll^ 
loacope^ measure the ctiange in output 
amplitude and frequency for a given change 
in load at the output of an LC oscillator 
circuit inithin ±10 percent accuracy. 

2. Given a trainer, multimeter^ and oscil- 
loscope, measure the change in ou^ut 
amplitude and frequency between a maximum 
and minimum load with a buffer amplifier 
inserted between LC oscillator output and 
the load within ±10 percent accuracy. 

EQUIPMENT: 

1. Hartley Oscillator and Buffer Amplifier 
Trainer, DD6097 

2. Oscilloscope 

3. Multimeter 

4- Transistor Clrcmt Power Supply, DD 
4649 

REFERENCE: 

Student Text, Volume VI, paragraphs 2-52 
through 2-59 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES, REMOVE WATCHES AND 
RINGS. 

PROCEDURES: 

1. Equipment preparation 

a. OsclUoscope 

controls Position 

VOLTS/CM CHI 
CH2 

IC7 



J5EPARATR - 


SEPARATE 


CHl & CH2 




CHOP-ALT 


ALT 


TIME/ CM 


• 5 Microseconds 


AC-GND-DC 


AC 


CHl & CH2 




TRIG SELECT 


EXT 


& LEVEL 


AUTO 


AC-ACF-DC 


ACF 


PULL XlO MAG 


NORMAL (Push in) 


POWER OFF 


ON 


CHl & CH2 


ON 


VERT POS 




INTENSITY 


Clear 


AND FOCUS 


Presentation 


Trainer 





(1) C-103 to MAX CAP 

(2) S^lOl to Open PosiUon 

(3) R-109 fuUy countercloclcwise 



c. Power Supply 

(1) Power on 

(2) Adjust output to 6 volts (use built-in 
meter) 

Interconnections 

(1) Ground oscilloscope to trainer 

(2) Connect power supply to trainer 

(3) EXT TRIG ir^ut to TP-108 

(4) CHl to TP^103 

(5) CH2 to TP^104 



2. Trainer Analysis 

This trainer incorporates a Series Hartley 
Oscillator, buffer amplifier, and a loading 
device (R-109)* It is a simple practical 
method for you to use in learning the basic 
facts of a typical LC oscillator, including 
the effect that load changes have on ampli* 
tude and frequency stability, 

3, Activity 

a. Set the multimeter on DCV 20k ohms/V 
and 10 volt range. Connect the multimeter 



between TP*l07 and ground. Readjust the 
transistorized power supply as necessary to 
obtain a reading of 6 volts. 

b. Measure and record the amplitude of tbo 
signal on the collector and base of QlOl. 

Collector (TP-104) Pk-Pk 

Base (TP- 103) Pk-Pk 

c* Measure and record the time for one 
cycle of the collector signal, and calculate 
the frequency (f - l/t)* 

Time for l cycle microseconds 

Frequency kHz 

d* Fill in the blanks and underline the 
correct response to the following statements, 

(1) Oscillator frequency is determined 

by C- , C- , and 

L- 

(2) The coUector signal and the base 
signal are (in) (180^ out of) phase, and the 
feedback is (regenerative )(degene rati ve). 

e. Adjust C^103 to the MIN CAPposition. 

f. Measure and record the time for 1 
cycle and calculate the frequency. 

Time for l cycle — microseconds 

Frequency 

If, Underline the correct response in the 
following statement. 

Decreasing the tank capacitance caused the 

time required for 1 cycle to (increase) 

(decrease) and the frequency to (increase) 

(decrease). 



163 



NOTE: Before continuing the exercise 
investigate the operation of the loading device. 
With R-109 adjusted fully counterclockwise 
the wiper arm is at the bottom of the 
resistor (ground) and the load has maximum 
resistance. As is adjusted clockwise 

the wiper arm moves up and the load 
resistance decreases. 

h. Move S-101 to the left, 

i. While observing the collector sipial, 
rotate R'109 fully clockwise* 



j* Rotate R'109 counterclockwise until 
the signal on the collector reappears. 



k. Measure and record the amplitude of 
the collector signal. 



Collector 



L. Measure and record the time for 1 
cycle, and calculate the frequency. 



Time for 1 cycle - 
Frequency — 



microseconds 
kHz 



m. Underline the correct response to the 
following statements. 

(1) AS the load resistance decreased 
the oscillator load (increased)(decreased)* 

(2) (Increasing) (Decreasing) the load 
on an LC oscillator causes (a decrease) 
(an increase') (no change) in signal ampli- 
tude. 



n. Turn R-109 fully clockwise. What effect 
does this h^ve on the output signal? 



o. Turn R-109 fully counterclockwise and 
move S'lOl to the right* 

p. While observing the collector signal, 
rotate R*109 fully clockwise. 

q. Measure andrecordtheampUtudeof the 
collector signal. 



Collector 



JPfc-Mc 



r. Measure and record the time for 1 
cycle, and calculate the frequency. 



Time for 1 cycle. 
Frequency — 



microseconds 
kHz 



Underline the correct response to the 
following statements* 

(1) The buffer amplifier causes the 
loading effect on the oscillator to be (nK>rc) 
(less). 

(2) When a buffer amplifier xs used 
as the stage following a typical LC oscil- 
lator the freuqency stability Is (improved) 
(impaired), and the amplitude stability is 
(improved) (impaired). 

CONHRM YOtJR ANSWERS AT THE BACK 
OF THIS GWDANCE PACKAGE, 
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MODULE SELF-CHECK 



QUESTIONS: 



For questions 1 through 5 match the sche^* 
matic diagrams (figures 43-8 through 43-12) 
to the oscillator names. 

1. Series Hartley . 

2» Shunt Hartley . 




3. Colpitis - 

4. Clapp , Figure 43-10 

5. Butler Type Crystal 




Figure 43-8 Figure 43-11 




Figure 43-9 Figure 43-12 
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Figure 43-13 

(Refer to figure 43-13 for questions 6 through 
10.) 

6, To increase the output frequency, you 
should decrease the valu? of - 

7, The component used to couple a feedback 
signal from the output back to the Input Is 

8, Symptoms: No output signal and Vc 
has increased* A possible trouble is 

a, C2 shorted* 

b, C2 open, 

c, Ri shorted* 

d, Rl open. 



9, Symptoms; No output signal; = Zero. 
A possible trouble is 



a. r4 open. 

b. C3 shorted. 

c. C 2 shorted. 

d. r3 open. 



10. An open R2 would cause 

a. to decrease, 

■ - b. Iq to increase* 

c, forward bias to increaseto V^c* 

d. forward bias to decrease to 0 volts. 




OUTPUT 



REP4''1424 

Figure 43-14 

(For questions 11 through 13, refer to figure 
43-14). 

11. The component(s) that determine the 
frequency of this oscillator (is) (are) (Yl) 

(C2and Li). 

12. The primary purpose of R3 is to 



a. provide a feedback path from 



Q2 to Ql, 



b. establish and limit the forward 



bias for Ql. 

c* act as a load resistor for Ql* 

d. provide temperature stability* 



13. The correct method of increasing the 
frequency of this oscillator is to 



a. decrease the value of C2* 

b. decrease the value of LI. 

c* replace Yl with atbinner crystal* 

d. replace Yl with a thicker crystal* 



Rir 
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Figure 43-15 



Figure 43-16 



14* Refer to£igure43'15iThethreepurposes 
of autotransformer Tl are to act as a part 
of the FDD, 



determine feedback amplitude, 
and couple the output signal* 

■ couple the feedback signal, and 



" 17. Refer to figure 43-16. The correct 
method of decreasing the frequency of this 
oscillator is to 

■ ■■ a* increase the capacitance of C5* 

b* decrease the capacitance of C5* 

, . c* increase the capacitance of C3 



determine amount of forward bias* 



c. determine amount of forward 



bias, and determine feedback amplitude* 



■ d* couple the feedback signal, and 
decouple RF from the power source* 

IS* Compared to an LC tank circuit, a 
crystal, used as the FDD of an oscillator 
circuit, will have a (higher) (lower) Q, and 
the frequency stability of the oscillator will 
be (improved) (impaired). 



16* Refer to figure 43-16* Symptoms: No 
output and is 0 volts* a possible trouble 
is 



a* Rl open, 

b* R4 open, 

c* C4 shorted* 

d* C2 shorted. 



and C4. 



and C4. 



d* decrease the capacitance of C3 



18* Refer to figure 43-15. The components 
included in the feedback loop of this oscil- 
lator are Ql, 



a* R4, and R3* 

b. R4, C2, and Rl* 

c* C3, LI, and Rl* 

d* C3, FDD, and C5. 



19. Refer to figure 43-16* Symptoms: Vc 
very high with no output. A possible trouble 
is 



a. Ql shorted, 

b* Ql open, 

c. C4 shorted* 

d* R2 open* 



CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE* 
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ANSWERS TO A - ADJUNCT GUIDE 

1. a. Amplification 

b. Frequency- determining device 

c. Regenerative feedback 

If you missed ANY questions, review 
the referenced material before you 
continue. 



ANS'JVERS TO D - ADJUNCT GUIDE 

L buffer; isolate the oscillator from 

load changes. 
2, collector, high, input 

If you missed ANY questions, review the 
referenced material before you continue. 



ANSWERS TO F - ADJUNCT GUIDE 
K shunt, Hartley 

2. d, C3, autotransformer (LI & L2) 
and C5 

2- ^S^^B^^l, 
^4"^2'V 

^' ^2^^B^^4' 

4, Tl Tap Blsitio^t4 

If you missed ANY questions, review the 
referenced material before you continue. 



ANSWERS TO . B - ADJUNCT GUIDE 

1 . Armstrong 

2. L2, frequency 

3. Forward bias 

4. feedback amplitude 

5. Tl and C2; T2 and C4 

6. temperature stability: degeneration 

7. 360, 180, 180 

^' ^CC = ^R2 ^ ^BE ^ ^R3' 
^- ^CC =^CE ^ ^R3 ^^Ll' 
c, - El3 * ^C4 " ^R3' 

y. decrease to \ie:iv zero, would not 

10, c. R2 open, 

11, would not; V^-^, 

12, feedtiack, forward bias 

13, a. Ql open. 

14, would not; would; could not 

15, would not; would, would not 

If you missed ANY questions, revlewthe 
referenced material before you continue. 



ANSWERS TO C - ADJJNCT GUIDE 

1 , Hartley 

2, series 

3, c, couple regenerative feedback 

4, decrease, decrease, no change 

5, shunt RF around the power supply 

If you missed ANY questions, revlewthe 
referenced material before you continue. 



ANSrVERS TO G - ADJUNCT GUIDE 



1, 


Colpitts 


2. 


R2, R3 


3. 


Emitter 


4. 


R4 


5. 


E-B capacitance 


6. 


Forward bias 


7. 


C5 


8. 


d 


9. 


a 


10. 


d 



If you missed ANY questions, review the 
referenced material before you continue. 

I 
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ANS^VERS TO H - ADJUNCT GUIDE 



K 


Ql, Yl, Q2, and CI 


2. 


Butler 


3. 


Yl 


4. 


series^ minimuin 


5. 


Rl, C2, and LI 


6. 


feedback 


7. 


input 



li you missed ANY questions, reviewthe 
referenced material before you continue. 



ANSWERS TO LAB EXERCISE 43-1 | 

3. Activity I 

b. Collector 3V to 5V Be- Be 
Base 1-4V to 2*8 Pk-Bt 

c. Time for 1 cycle 2*5 to 3.2 
microseconds 

Frequency 400 to 312 kHz 

d. (1) C-102, C-103, L-101 

(2) 180* out of, regenerative 
f. Time for 1 cycle 2.5 to 3 

microseconds 

Frequency 400 to 333 kHz 

Decrease, increase 
k* Collector .8V to 2V Pk-Bc 
L Time for 1 cycle 2,75 to 3.3 

microseconds 

Frequency 363 to 303 
m, (1) increased 

(2) Increasing, a decrease 

n. The oscillator load increased 
to the point where the circuit 

could no longer generate an AC j 

signal, j 

q. Collector 3V to 5V Bt-Bt j 

r. Time for 1 cycle 2,6 to 2.8 j 

microseconds ; 

Frequency 384 to 357 kHz | 

s, (1) less I 
(2) improved, improved 



If you missed ANY of the questions, or 
if there is more than 10% difference betv/een 
your measurements and calculation and those 
listed above, go back and repeat that portion 
of the lab exercise* Consult the referenced 
material or the instructor for assistance, 
if required. 



CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 



ANSWERS TO MODULE SELF-CHECK 



1 

L * 


Series Hartley 


Figure 43- 9 


9 
A, 


Shunt Hartley 


Figure 43-11 


o 

0, 


Colpitts 


Figure 43- 3 


A 


Clapp 


Figure 43-10 




Butler Type Crystal 


Figure 43- 1 2 


V * 


C3 






n 
r « 


C2 






8. 


c. 


Rl shorted* 




9, 


a. 


r4 open. 




10, 


d. 


forward bias to 


decrease to 0 






volts. 




IK 


Yl 






12, 


b. 


establish and limit the forward 






bias for Ql, 




13, 


c. 


replace Yl with 


a thinner 






crystal. 




14, 


a. 


determine feedback amplitude, 






and couple the 


output signal. 


15, 


higher, improved,. 




16 


c. 


C4 shorted. 




17, 


a. 


increase the capacitance of C5. i 


18. 


d. 


C3, FDD, and C5. 


j 


19, 


b. 


Ql open. 


j 



1 



HAVE YOU ANS^^VERED ALL OF THE 
QUESTIpNS CORRECTLY? IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER 
RESOURCE ,*UNTIL YOU CAN ANSWER 
ALL QUESTIONS CORRECTLY, CON- 
SULT YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTIONS. 
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OVERVIEW 



SOLID STATE RC OSCILLATORS 



1, SCOPE! Continuing your studjr of sine wave oscillators^ in this module you will learn the 
principles involved in producing sine wave signals at low frequencies* Ttiough two specific 
RC oscillators are discussed in the module^ you should conceirn yourself more with the 
principles involved^ rather than attempting to memorize the specifics of these two oscillators. 
In this way» you should be atd^ tO apply the principles learned to a specific circuity regardless 
of how it has been modified to fit a particular need. Then, too» you will continue to build your 
ability to use the oscilloscope and multimeter as an aid in circuit checking and troubleshooting. 

2. OBJECTIVES; Upon completion of this module you should be able to satisfy the following 
objectives: 

a. From a schematic diagram of any one of the following^ oscillators^ select the com-> 
ponent(s) that comprise the feedback loop(s)» frequency*determinlng device^ forward bias 
network, output load, amplitude adjustment, and the frequency adjustment: 

(1) Phase Shift. 

(2) Wien BHdge. 

b. Given a trainer, multimeter, and oscilloscope, measure the output amplitude and 
frequency of an RC oadUator circuit within + 10 percent accuracy. 



AT THIS POINT* YOU MAY TAKE THE MODULE SKLF-CHECK . 

IF VOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK , TURN TO THE NEXT PAGE 
AND PREVIEW THE LIST OF RfiSOURCES. DO NOT HESITATE TO CONSULT YOUR 
INSTRUCTOR IF YOU HAVE ANY QUESTIONS. 
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LEST OF RESOURCES 

SCUD STATE RC OSCILLATORS 

To satisfy the objectivea of this module, you may choose, according to your training, 
experience, and preferences, any or aU of ihe following: 

READDfG MATERIALS: 

Digest 

Adjunct Guide with Student Text 
LABORATORY EXERCISE: 

Laboratory Exercise 44-1 
AUDIOVISUAL MATERIALS: 

TV Lesson 30-517, vfein Bridge Oscillator, (11 minutes) 



SELECT ONE OF THE RESOURCES AND BEGIN YOUH STUDY OR TAKE THE MODULE 
SELF- CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 



DIGEST 



SOLID STATE AC OSaLLATOflS 



During this discussion of BC oscillators, two fypes will be used, Figxire lis called a Phase 
Shift oscillator; Figure 2 is a Wien Bridge oscillator* 




•WW 



Figure 1 



I 





Figure 2 

Both of these circuits have distinctive identifying features* The Figure 1 Phase Shift oscU* 
lator has three capacitors in series between the collector and base. The Wien Bridge oscil* 
lator uses two transistors. The load output and feedback output are taken from two diiSerent 
points, and it has both regenerative and degenerative feedback. 

The forward bias arrangement for both of these oscillator circuits is identical to many other 
oscillator and amplifier circuits you have previously studied, and no detailed explanation 
will be offered here* 

The frequency^determioing devices for these oscillators^ however, are not sixtiilar to those 
previously studied. First, the Phase aift oscillator. You should recall from your study of flC 
time constants that a definite phase di^erence exists in the voltage developed across resistors 
and capacitors connected together in a circuit* You should also recall that the amount of phase 
difference across the capacitor and resistor will depend upon the value of resistance and capacit- 
ance and the frequency* 

Take a look at the Figure 1 schematic diagram, Nots that three flC networks (Cl/ fll; C2/ fl2; 
C3/B3) are in ttie feedback patli between collector and base* A common emitter cotjfiguration 
amplifier circuit is used; therefore, any signal appearing %\\ the bass will be shifted 180 
degrees at the collector* And, to have regenerative feedback^ the signal must be shiited another 
180 degrees between the collector and base. Since the phase shift across any one PC network is 
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always less than 90 degrees, It is apparent that at least three RC networks must be used to 
obtain a phase shift of 180 degrees. Andslnce frequency is one of the determinants of the amount 
of phase shift that will occur across any RC combination, it should also be apparent^ that any 
particular combination of three RC networlcs will produce a shift of ISO degrees at only one 
frequency^ Therefore, only one frequency will be shifted In phase the right amount between 
collector and base to be a regenerative feedbacli:. This will be the frequency at which the oscil- 
lator will operate. But, what If a need exists to change the frequency? 

The value of capacitance and resistance In the RC networlcs also determines the amount of 
phase shift. And, if the capacitance of any capacitor in the phase shift network, or the resist* 
ance of any resistor, is changed, the frequency that will produce a ISO degree phase shift will 
also change* So, changing the value of either of these components will change the frequency 
that will be regenerative, and will change the aerating frequency of the oscillator. CI, C2, 
C3, Rl, and R2 are shown as being variatile in the Figure 1 circuit, and varying either or all 
of them would cause a change in frequency. Remember that R3 is also a part of ihe frequency- 
determining device, but it is not shown as variable. You should see that R3 is also a part of 
the forward bias voltage divider network^ and it should not be varied because a change in its 
resistance would also change the forward bias and amplification factor of the transistor. In 
fact, it is doubtful Uiat you will ever see a Ptiase ^ft oscillator in use that will have all of the 
components variable, as shown in Figure L It is done here so that you will realize that it is 
possible to change frequency by clanging either of the component values in the feedback loop* 
Now that you see how the frequency c^n be changed, what about the amplitude? 

In your stxdy of amplifiers* you learned that changing the value of the collector load resistor 
would change the amplifier's amxjlification factor, and, therefore, the amplitude of the output* 
Note that R6, the collector load resistor, is variable* By changing the value of this resistor, 
the amplification factor of Ql is changed* In addition, the amount of feedback will be changed, 
thereby changing the output amplitude^ Now, to the Wien Bridge Oscillator* 

Reflect for a momentonyourprevious study of feedback in amplifiers. Now, look at the Figure 
2 schematic diagram* Starting with the collector for Ql, trace a signal path through C3 to the 
base of Q2. From the collector ofQ2, trace the signal through C4* After C4, note that the signal 
has two paths to follow; one is through R3 to the emitter c^Ql; t^6 other is through Rl and CI 
to the base of QL Now, for explanation, let s consider that when power was first applied to the 
circuit, the noise developed on the base of Ql was going in a positive direction* 

The positive *going voltage on the base of Ql will be negative-going on the collector of Qt 
and the base of Q2« Q2 will cause another ISO degree'phase shift and the signal will be applied 
through C4, Rl, and CI, back tothe base of Ql in a positiire*soing direction, and is regenerative 
feedback* Note that this regenerative feedback is developed across the combination of R2 and 
C2 in parallel* Note also that this signal is applied through Rl and CI in series* Recalling 
your previous study of RC clrcuits,it should be apparent that maximum voltagewlll be developed 
on the base of Ql at only one frequency* The amplitude wUl decrease when the frequency is raised 
because of the decreased of C2« Amplitude will decrease at lower frequencies because of 
the increased of 02* Amplitude will decrease at lower frequencies because of the increased 
of CI* Curve "B" on Chart 1 represents the regenerative feedback* This illustrates, then, 
that the regenerative feedback loop is frequency selective* Therefore, Rl, CI, B2, and 02 
comprise the frequency-determining device* Now, for the deger^erative feedback. 

Look back at the Figure 2 schematic diagram, and locate the Junction between Rl and C4* 
Recall f^-om the previous paragraph that the signal along this line was re-applied to the base of 



DIGEST 

Ql In a positive-going direction* Now> follow from this Junction through H? and note that the 
signal is developed across H4 and applied to the emitter of Ql* Note also that no reactive com- 
ponents are used in developing this voltage applied to the emitter; therefor^^ the amplitude of 
the signal developed wHl be ttie same regardless of the frequency* Line '^A'' on the chart 
below represents the degenerative feedback* But, why use both regenerative and degenerative 
feedbadc when we know that an oscillator requires regenerative feedback in order to oscillate? 




Chart 1 

Look at Chart 1* For a moment, disregard line "A/' representing degenerative feedback* 
Let each small division along the frequency line represent 2 kHz* Note that the :;enter fre- 
quency is 12 kHz* NOW, without the degenerative feedback, the half power points for curve "B" 
would be around 7 kHz and 17 kHz, and the oscUlator could possibly osciUate at any frequency 
between tiiese two points* Is this good frequency stabilify?NO* 

NOW, take another look at Chart 1 with line "A" in place. Qirve "B" reaUy does not exist 
below points "C^' and "D" because it is cancelled out by the degenerative feedback, line "A*" 
And, considering points "C" and "D" as the zero volts amplitude for regenerative feedback, 
the hall power points of curve "B" have been movedto approximately 11 kHz and 13 kHz* 
It should be apparent that the frequency stability has been greatly improved* This, then, is the 
purpose CJ using both regenerative and degenerative feedback — to improve frequency stability* 
How can ixi^. output amplitude and frequency be changed? 

Variable resistor R3 controls the amount of . degenerative feedback applied ii) the emitter of 
Ql* With this in mind, again consider Chart 1* U the degenerative feedback were adjusted so 
that its amplitude was greater than the peak of the regenerative feedback, point "E," aU of the 
regenerative feedback would be cancelled out and the circuit would not oscillate* On the other 
hand, decreasing the an^litude of degenerative feedback below the points "C" and "D" level 
would, in effect, increase the amount of regenerative feedback, causing a corresponding increase 
in output amplitude* 
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Frequency can be changedby changing the value of any component in the frequency*determinlng 
device* In this case^ it would be Rl» R2^ Cl» or C2, The usual method, however^ is to either 
gang-tune CI and C2> organg-tune Rl and R2» Now^ lor some principles ttiat are common to both 
the Phase Shift and Wien Bridge oscillators. 

In Order to produce a sine wave output^ both the Phase Shift and Wien Bridge oscillators must 
be operated Qass A. The reason for this is that neither circuit contains an LC tank circuit 
that will ^'ring^^ and produce a sine wave when only a small portion of a sine wave is applied 
to it- 

For troubleshooting^ refer to paragraph 2-91> Volume VI of the Student Text> Laboratory 
Exercise 44*^1 will also illustrate ^he effects of certain malfunctions^ and it will demonstrate 
the proper methods to use in measuring output amplitude and frequency. 
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YOU MAY STUDY ANOTHER REdOURCE OR TAKE THE MODULE SELF-CdECK. 
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ADJUNCT GUIDE 

SOLID STATE RC OSaLLATORS 

INSTRUCTIONS: 
Stuc^ the referenced materials as directed^ 
Return to thla guide and answer the questions. 

Ctieclc your answers against the answers at the top of the page following the questions* 
If you experience any difficulty^ contact your instructor* 
Begin the program* 



You have previously learned ttiat an oscillator Is an amplifier that has a portion of Its output 
returned to Its Input In phase* You also learned that a method of frequency control keeping 
the frequency constant — Is necessary In a practical circuit* The LC tank circuit and quartz 
Crystal ar« very practical methods for establishing and maintaining a particular frequency 
when ttie frequency Is high* However, they are Impractical In the audio range* The ptiQrslcal 
size of capacitors and inductors that would be required rules them out* And a quartz crystal, 
In order to oscillate at ^ audio frequency, would be relatively thick physically, and would 
require too much external power to establish and maintain oscillations* These problems are 
solved by using resistor/capacitor (RC) networks as the frequency-determining device for 
audio oscULators* 

A* TUm to Student Text, Volume VI, and study paragraphs 2-84 through 2-91* return to this 
page and answer the following statements/questions* 

For questions 1 through 10^ refer to the Figure 3 schematic diagram* 




^> f. 



Figure 3 

U In the feedback loop for this circuit, starting with the base of Qlf the signal £3 shifted 
degrees; 180 degrees across Ql and * , degrees across ttie RC 

networks, 

2* CI and Rl cause a phase shift of 54 degrees* In order to have regenerative feedback^ 
It Is necessary for the two remaining RC networks to shift the signal , * degrees* 
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3* Complete the following equations: 
a* Ifi4 = Ifl6 + Ifi ' Ifi * 



IRS = Ifig^ + Ifi 

4* The component that helps to determine both the frequency forward blaa of the Figure 3 
oscillator circuit Is * 

Increasing Ihe value of fid would cause feedback amplitude to (Increase) (decrease)^ and 
output amplitude to (Increase) (decrease)* 

6* symptoms: Vq Is high^ and ther« Is no output* A possible trouble Is: 

a« C3 open* 

b. C3 shortei 

c. C4 shorted. 

d. C4 open, 

7r symptoms: Circuit Is not oscillating; forward bias and are normal* A possible troutde 
Is: 



a* CI open, 

b* C3 shorted, 

c* 04 open- 

d. C4 shorted. 



8. symptoms: is zero vdts and circuit is not oscillating, A posslUe trouble is: 

a* fi4 open* 

b. R3 open, 

c. flS open, 

^ B6 open* 



9. The feedback loop is comprised of Ql^ and 
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10. Symptoms: very nearly equals V^^; circuit is not oscillating. A possible trouble is: 

a. C3 shorted^ 

. b. C4 shorted* 

c. ^3 open, 

R5 open, 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



B. Turn to Student Text, Volume VI, and study paragraphs 2-93 through 2-103. Return to this 
page and respond to the following statements/questions. 

For questions 1 through 8, refer to the Figure 4 schematic diagram. 



IT 



7C* 



; I'M. 

T T 



Figure 4 

1. The Figure 4 circuit is correctly identified as a: 
a. Butler oscillator, 

b. Phase Shift oscillator. 

. . c Wien Bridge oscillator, 

. . d* Cdlpitts oscillator. 

2. Degenerative feedback is applied from Q2 back to the (base) (emitter) of Ql; degenerative 

feedback amplitude Is controlled by , and the degenerative feedback 

signal is developed across (H2 & C2) ;R4), 

3. The regenerative feedback amplitude in this circuit (is) (is not) affected by frequency, and 
degenerative feedback (is) (is not) affected by frequency. 
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ANSWERS TO A: 

1. 360 degrees; 180 degrees 

2. 126 

3. a. 1R4 = 1B6 -«- - IIO. 

b. b. V^,^, = + ER6. 

c. 1R5 = IRgg + 1R3. 

4. ft3 

5. Increase, Increase 

6. b 

8. d 

9. Cl» C2» and C3 
10. d 

If you missed ANY questions, review the material before you continue. 



4, The components that comprise the complete frequency determining device for this circuit 
are: 

Rl and CI. 

, .b. R3 and 04. 

.c. R2 and 02- 

. .d, Rl, fi2, CI, and 02. 

ISG 

10 



5, The oscillator shown in Figure 4 must operate class 
a sine wave output. 



ADJUNCT GUIDE 
In order to produce 




Figure 5 

6, Given the diagram in Figure 5, line ''A" represents (regenerative) (degenerative) feedback 
and curve "B" represents (regenerative) (degenerative) feedback, 

7, Increasing the resistance of R3 would cause (an increase) (a decrease) (no change) in 
the amplitude of line ''A" and (an increase) (a decrease) (no change) in ttie peak amplitude 
of curve "B," 

8, From the following equations, select the one that correctly represents forward bias 
current 02- 



_ a. 


^BE 


= IR7 + IH8. 


b. 


'be 


= IR7 - IH8. 


c. 


^BE 


= IHIO - IH7. 


d. 


^BE 


= IH9 + IH8. 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



C, Turn to Laboratory Exercise 44-1* This laboratory exercise will reinforce and prove most 
of the principles of RC C'SCillators. Then, too, it will illustrate to you the particular symptoms 
that selected faulty components will cause. And, you will gain valuable experience in the use of 
multimeters and oscilloscopes as an aid to circuit checking and troubleshooting. 
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ANSWERS TO B: 

1. c 

2. emitter, R3, R4. 

3. Is, is not 

4. d 

5. A 

6. degenerative, regenerative 

7. a decrease, no change 

8. b 

If you missed ANY questions, review the material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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LABORATORY EXERaSE 

44-1 

SOLID STATE RC OSOLLATORS 

OBJECTIVE: Given a trainer, multimeter, and oscilloscope, measure the output amfditude 
and frequency of an RC oscillator circuit within + 10 percent accuracy* 

NOTE: Upon completion of the Progress Check, have your instructor initial this objective 
on your check list, 

EQUIPMENT: U Phase Shift Oscillator Trainer (5016) 

2* Oscilloscope (LA-261) 

3. Multimeter (AN/PSM-6) 

4, Transistor Power Supply (4649) 

REFERENCE: Student Text, Volume 6, paragraphs 2-84 thru 2-9K 

CAUTION; OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY RULES AT ALL 
TIMES. REMOVE WATCHES AND RINGS. 

PROCEDURES: 1. Equipment Preparation 

a. Oscilloscope Controls 

(1) POWER 

(J!) VOLTS/DIV 

(3) MODE 

(4) POLARITY 

(5) TIMS/DIV 

(6) TRIGGER SELECTOR 

(7) HORIZONTAL 
POSITION 

(8) FOCUS and 
INTENSITY 



Position 
ON 

"A'' 5 (Calibrated) 

"B'^ 1 (Calibrated) 

Alternate 

Normal, AC 

,2 millisec 

AUTO, Ext, + 

Adjust for NORMAL 
sweep 

Adjust for CLEAR 
presentation 



NOTE; Osdllosccpe controls can ^t^^ rhanged to facilitate work, or to provide more accurate 
readings. 

b. Trainer; Turn R^IOS to the fully clockwise position. 
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c. Interconnections: 

(1) Connect Power Supply to Trainen (Use Jones Plug Cable-) 

(2) Ground Oscilloscope to Trainer* 

(3) connect Trigger Input to TP-106* 

(4) connect "A" Channd probe to TP-105* 
d* Power Supply 

(1) ON/ OFF Switch * ON 

(2) Adjust for 22 volts* (Use built-in meter.) 

2, Trainer Analysis 

In order to produce an audio frequency using LC components* tiie value 
of inductance at this low frequency would have to be large* As a result 
the Inductive component would have to be physically large* TMs dis- 
advantage is overcome by generating audio frequencies using an RC 
oscillator* This trainer is a typical example of an RC oscillator used 
in generating an audio signal* 

3* Activity 

a* Measure Ihe amplitude of the slgmd on the collector of 101, 
Measure the time required for one cycle- Record your measure- 
ments in the spaces below* 

AmpUtude Volts Pk/pk* 

Time for one cycle milliseconds* 

tK Odculate the frequency (f = -^) of oscillations, and record in the 
space below* 

Frequency Hz* 

c Leaving "A Channel*' probe in TP-105, use "B Channel*' probe to 
measure the signal amplitude atthefollowingtestpoints, and record 
results in blanks provided* 

TP^lOl volts PP- 

TP-102 ■ volts PP* 

rP-103 volts PP* 
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d. Underline the correct response to the following statements; 

(1 ) The osdlUtor Is producing a signal In the (audio) (radio) frequency range. 

(2) Amplitude of ttie feedback signal Is (Increased) (decreased) by each RC 
section In the feedback path. 

(3) From collector to base, the feedback signal Is shifted a total of (0) (60) 
(90) (120) (180) degrees, providing (regenerative) (degenerative) feedback 
for sustaining oscillations. 

e. Leaving ''A Channd" probe in TP-105 and ''B Channel" probe in TP-103 
rotate R-105 completely countercloclrvlse (NOTE; If your traiuer ceases 
oscillation with R-105 in the completely CCW position, rotate R-105 back in 
a CW direction until oscillations recur.) Measure the amplitude of the output 
(TP-105) and feedback (TP-103) signals, and record in the blanks provided* 

TP-105 , volts PP, 

TP-103 volts PP. 

f. Underline the correct response to the statement following; 

Rotating R-105 in a CCW direction cause feedback amplitude to (increase) 
^ (decrease) and output amplitude to (increase) (decrease). 

g. Rotate R-105 in a completely CWi^Jirectlon. Remove ''B Channel" probe from 
TP-103. Leaving ''A Channel" probe connected to TP-105, connect a test lead 
between TP-103 and ground* 

Underline the correct response to the following statement; 

Amplitude of output oscillations was (increased) (decreased to 0) because the 

test lead is effectively (opening) (shorting) R-103 and the emitter to base 

junction. 

h. Move the test lead from TP-103 to TP-102. Underline the correct response 
to the following statement; 

The circuit (is) (is not) oscUlating because the (regenerative ft^edback is being 
shorted to ground) (forward bias has been reduced to zero). 

i. Remove the test lead from TP-102. Place the multimeter FUNCTION switch 
on 1000 Ohms/Volt DC, and the RANGE switch on 1000, Connect the voltmeter 
between TP-101 and ground* Observe the signal at TP-105, Change the multi- 
meter range switch thru all ranges downtothe 10 volt range- Measure the tlm^ 
required for one cycle, and calculate the oscillator frequency. Record your 
results in the spaces'provided« 
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Time for one cyde 5 milllseconda. 

Frequency ^ Hz. 

(NOTE: The Internal resistance of the voltmeter Is being connected In parallel 
with R-101, When the RANGE switch Is changed* ttie Internal resistance of 
the meter changes^ effectively changing the reslstanceof R-101. As the RANGE 
switch Is Changed downward* the Internal reslstanceof the multimeter decreases). 

Underline the correct response to the following statement: 

As resistance of R-lOl effectively was decreased* the time required for one 

cycle (Increased) (decreased) and the frequency (Increased) (decreased). 

J. ^immary; Underline the correct response to the following statements: 

(1) The RC oscillator circuit used for this trainer uses (two) (three) RC 
sections to shift the signal from collector to base a total of (0) (60) (120) (180) 
degrees^ providing regenerative feedback for (only one) (more than one) 
frequency. 

(2) Decreasing the amount of regenerative feedback causes (a decrease) 
(an Increase) (no change) in output amplitude* and (an increase) (a decrease) 
(no change) in output frequency. 

(3 ) Shorting either of ttie resistors in the RC phase shift networks causes the 
oscillator to (oscillate at alower frequency) (cease oscfllating). 

(4) Decreasing the resistance of either one of the resistors in the phase shift 
networks causes the oscillator to (cease oscillating) (oscillate at a higher 
frequency) (oscillate at a lower frequency). 

CONFIRM YOUR RESPONSES ON THE NEXT EVEN NUMBERED PAGE. 
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ANSiVERS TO LADORATORY EXERCISE: 


3. a) 


Amplitude 14 volts pk/pk 




Time for one cycle .32 milliseconds. 


b) 


Frequency 3, 125 Hz. 


0 


TP-101 4 volts PP. 




TP-102 1 volts PP. 




TP-103 .1 volts PP. 


d) 


(1) audio 




(2) decreased 




(3) 180j regenerative 


e) 


TP-105 6.6 volts PP. 




TP-103 .06 volts PP. 


f) 


decrease, decrease 


g) 


decreased to 0, shorting 


h) 


is not, the regenerative feedback is being shorted to ground 


i) 


(1) *25 milliseconds* 




(2) 4,000 Hertz. 




(3) decreased* 




(4) increased* 


j). 


(1) three, 180, only one 




(2) a decrease, no change 




(3) cease* oscillating 




(4) oscillate at a higher frequency* 



If your response to ANY of the statements is wrong, or if ANY of your measurements are more 
than 10% different from those given, gobaCK and repeat that portion of the Laboratory Exercise. 
If necessary, review the referenced text for clarification. Your instructor will assist you if 
needed* 



CONSULT YOUR INSTRUCTOR FOR PROGRESS CHECK. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK . 
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MODULE SELF- CHECK 

SOLID STATE RC OSCILLATORS 
For questions 1 ajid2, match the schematic diagram (Figure 6 and 7) to the names of oscillators. 

. 1. RC Phase Shift 

. . 2. Wien Bridge 




Figure 6 




i 

Figure 7 

For questions 3 thru ^ refer to Figure 6, 

3, This oscillator contains (I, 2, 3) phase shift networks with the purpose of shifting the signal 
between the coUector and base of Ql a total of (0, 60, 1-20, 180) degrees* 
4* The regenerative feedback loop for this oscillator consists of Ql, 

. a* R6, and R5. 

^ b* R6, power source, and R3. 

CI, C2, and C3, 

^ . d, CI, m, and R3, 
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5, Symptom: Circuit Is not oscillating; is high; forward bias has decreas(^i A possible 
trouble is 

* a, C3 open. 

b, C3 shorted. 

p c, 02 open, 

. d, C2 shorted. 

6, Symptom: No output signal; is very low. A possitile trouble is 

^ a, Ql open. 

^ b, Ql shorted. 

c< R4 open. 

, . d, C3 shorted. 

For questions 7 thru 10 refer to Figure 7, 

7, The purpose of C4 is to couple 

. a, regenerative feedback only. 

b, degenerative feedback only. 

, c* both regenerative and degenerative feedback. ^ 

. , d. the output signal to the atnplifler* 

8* the purpose of R3 Is to control 

. . a. degenerative feedback amplitude* 

. b, regenerative feedback amplitude. 

. . c+ degenerative and regenerative feedback an^litude. 

^ , d, regenerative fee(fl>ack and bias applied to Ql* 

9. Amplitude of regenerative feedback on the base otQl is higher (above^ at» below) tlie center 
of the frequency band. 

10. The frequency determining device of this circuit is composed of ^ 

. a. R6, C3> and R7. 

. b Rl* CI* H2* and 02. 

' ' ' ^ 

. c. C4, R3, and F4- I 

d. C3, Q2, C4, arid Ql. 

CONFIRM yOUF ANSWERS ON THE NEXT EVEN MIMBEFED PAGE. 
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NOTES 



:RJC 
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MODULE SELF-CHECK 



ANSWERS TO MODULE SELF-CHECK 

1. Figure 6 

2. Figure 7 

3. 3, 180 

4. c. CI, 02, and C3. 

5. b. C3 shorted. 

6. b. Ql shorted. 

7. c. both regenerative and degenerative feedback. 

8. a. degenerative feedback amplitude. 

9. at 

10, b. HI, CI, R2, and C2. 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, pEVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL OUTSTIGI-^ 
CORRECTLY." IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FUHTftT^v^ cUIDaWCS. 

22 J 0 * 
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Page 8 Question 6 
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CHAIKIE 1 

1 September VHk 
Effective 1 February 1976 

a* From a schematic diagram of any one of the following 
oscillators^ select the component(s) that comprise 
the feedback loopCs)^ frequency determining devicet 
forward biaa ndtwork* amplitude adjustment, and the 
frequency adjustment* Phase Shiitj Wien Bridge* 

b# Given a trainer and oscllloscopet measure and 
calculate the phase shift in degrees of each RC 
network of an RC oscillator within + 10 percent 
accuracy* 

Symptoms > is higher than normal' (almost equal to 
Vqq) and there is no outputt A possible trouble is 



C3 open* 
Jb. C3 shorted* 
jCt 'Shorted* 
di C4 open* 



SymptCTis % Vp is very close to and there is no 
output • A possible trouble is 



_a* C3 open* - 

Jbt C4 shorted* 

__c# R3 open 

^d# R5 open 
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Use the foHovdng laboratory Exercise 

LABORATORY EXERCISE 

SOUD STATS RC OSCIUUTDIIS 

OBJECTIVE^ Given a traiTiSr and oscllloscopet ineasure and calculate the phase 
shift in degrees of each HC network of an RC oscillator within + 
10 percent accuracy* " 



1 



0 

ERIC 
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EQUIHlEMT t 1* Fhaae Shift Oscillator Trainer 

2* Oscilloscope 

3* Multljueter 

4* Transistor Power Sapply 

REFERENCE » Student Text* volume 6^ paragraphs thru 

CAUnON l OBSERVE BOTH FERSONKEL AND EBUIB4ENT SAFEn RULES AT ALL TIMES* 
REMOVE WATCHES AMD RIWGS . 

FROCKIXJflES i 

1. Trainer Analysis. 

a* A acheinatlc diagram of the trainer is shovn in figure 44-1* 

b. The purpose of each ccunponent is as follows t 

(1) K106 and R105 make up the collector load for 0101. 

(2) K103 and R104 make up the forward bias network for QlOl* 
R103 is also part^ of the frequency determined network* 

(3) 0101 is the amplifier in the BC oscillator. 

(4) ClOl, RlOl, C102, KL02^ C103, and RL03 form both the 
feedback loop and the frequency determining device. 

c* Each network will ahift the feedback aignal approximately 60^^ 
and the transistor will shift the i^aae 180 . These shifts will 
total 360 at only one frequency. 



2. Preparation of Equipment 
a* OSdlLOSCOEE CONTROLS 

(1) Pbwer 

(2) CHI and CH2 Vertical Rasition 

(3) AC/GND/DC, CHI and CH2 

(4) VOLTS/CM, cm. 

(5) VOLTS/CM, CH2 

(6) SEPARATE/CH1&CH2 

(7) AC/ACF/DC 



POSITIOM 
ON 

Mid-range 
AC 

5 CAl 
20mV CAL 
SEPARATE 

AC 
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(8) chop/alt 

(9) TEIIG SEIECT 



LEVEL 



(10) time/cm 

(11) FOCUS' and IHTENSITi 

(12) HILL TO IMVERT CH2 



ALT 
CHI + 

AUTO 

5O11SCAL 

Well defined sweep 
Push In (Normal) 



TP-106 




Figure 4VlT''Pbase Shift Oscillator 

TRAINER CONTROL 

m05 fully clockwise ' ' 

POWER SUPPLT 

(1) Connect trainer to power supply. 

(2) Turn power supply on. 

(3) Set voltage to 22 volts DC using meter on power supply. 



201 



3. Activity, 

a • Connect the oscilloscope to trainer 

(1) CttL pirobe to TPIO5 and GND, 

(2) CH2 probe to TP1j03 and GNP. 

b. Observe the waveform (CH2) at TP103 (base of QlOl), and if 
distortion is present adjust R105 counterclockwise until the distortion 
disappears. ^ 

c. Measure and record the output voltage (CHl), time for one cyclei and 
calcxilate the output frequency as it appears ^^t TEIO5. (f "T^) 

(1) CgUector voltage v olts Pk-Jlc. 

(2) Time for one cycle milliseconds . 

(3) Output frequenc y Hertz* 

d. x^aving CHI connected to TF105| meaaure and record the voltages 
through the BC phaae shift network using CH2. 

(1) TFlOl v olts flc-Rc 

(2) TPIOS ^ yolte Pk-Hc 

(3) TP103_ ^volts Pk^-Pk 

e* Measure and record the phase shift across ejach of the HC networks* 
Use the followitig procedures to measure phase relationships. 

(1) To measure the phase shift across ClOl compare the waveshapes 
at"TP105 and TFOOl. CHI to TP105 and CH2 to TPIOI. 

(2) Using both channel VOLTS/CM and VAHIAHtE controls, adjust both 
wavefi to the same amplitude^ and as large as possible on the display, 

(3) Set both channel AC/GND/DC controls to GND and position both 
traces on the horizontal center line of ^be display. 

(U) Return CHI AC/GND/DCJ to AC. Using the TIME/CM and ffiffilAELE 
controls, set one cycle to cover exactly 8 cm.. Tl^is is a reference. 

NOlEi You now have one cycle (360^) covering 8 cm. Therefore 

1 cm is equal to U5 \ Each small division (.2cm) is equal 
^ ^ to 9 • 

(5) Place CH2 AC/GND/DC switc^i to AC, meas^ure the time difference 
between the two waveband convert to de^ees. 

U 
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(6) Record phaae ohift acrooo ClOl* 

d agreep* 

(7) To check th$ pha^Q shift across C102t icoflipara waveshapes at 
TPlOl and m02 with CHi at TPlOl and <ni2 at TP102. 

(8) Using steps 2 thru 5 in procedure 3et measyre and; record th6 
phase shift across C102* 

degrees* 

(9) Move CHI to TP102 and CH2 to TF103f neasure and record the phase 
shift across C3j03* 

d egrees* 

f* The calculated total phase shift across the RC networks is d egrees* 
To measure total phase shift t 

(1) Connect CKL to TPiOS and CBS to TJIOS* 

(2) Follow dtepB 3d(2) thru 3e(5) to measure and record the 
total phase shift* 

^ d egrees* 

4* . Summaryi 

a* Consolidate the re adingf taken in the lab project ^or the foUovlngi 

(1) Output frequenc y H ertz 3c(3)* 
\ ^^^^^^^^^^^^^^^^^^^ 

(2) Transistor output voltage v olts 3c(l)* 

(3) Phase shift. (3,01 d egrees 3e(6)* 

^(4) Voltage at TPlOl v olts 3d(l)* ^ 

^) Phase Shift C10 2 d egrees 3^(3)* 

(6) Voltage at TRIJ0 2 _ v olts 3d(2)* 

(7) Phase shift C103 degrees 3e(9)* 

(3) TVansiator input voltage v olts 3d(3)* 

b* T^e phase shift across each RC network is approximately 

degrees* 

c* The total phase shift across the three RC networks is approximately 
d egrees* 

COKFIBM YOUR ANSWERS* 
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AN5HERS TO lABORATORI Ur-l 

3. c. (l) 8 to 12 volta. 

(2) -25 to *U mlllisecondB. 

(3) 2500 to AOOO Hertz, 
d. (1) 2 to 3 volta. 

(2) -5 1.5 volts. 

(3) ao to 60 ralllivolta. 
6. (6) U5 to 60 degrees. 

(8) U5 to 60 degrees. 

(9) 60 to 69 degrees. 
V a. (1) 2500 to AOOO Hertz. 

(2) 8 to 12 volts. 

(3) U5 to 60 degrees. 

(4) 2 to 3 volts. 

(5) A5 to 60 degrees. 

(6) .5 to 1*5 volts. 

(7) 60 to 89 degrees. 

(8) 23 to 60 mliaivolts. 



f. 185 to 195 degrees, 

g. (2) 185 to 195 degrees. 



60 degrees, 
c. 180 degrees. 



If your response to ANY of the statements Is wrongt cnr if \ANY of your measurements 
are more^ than 109& different from those given go back and repeat that ■ portion of 
the Laboratory Ebcercise. If necessaryt review the referenced text for> clarifi* 
cation. tour instructor wHl assist you iX needed. 

CONSULT XOUR INSIHUCTOR FOR IBOSIESS CHSCK. 

XOU MAY STUUr ANOTHER RESOURCE OR TAKE THE MODULE SELP-^HECK. 
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Radar Principles Branch ATC GP 3AQR3X020-X 

Keesler Air Force Base, Mississippi KBP'GP'45 

1 October 1975 

ELECTRONIC PRINCIPLES (MODULAR SELF- PACED) 

MODULE 45 

SOLID STATE FREQUENCY MULTIPLIERS 

This Guidance Package Is desle^^&d to guide you through this module of the Electronic 
I^inciples Course* This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives* 

CONTENTS 



TITLE 

Overview 

List of Resources 

Adjunct Guide 

Module Sell- Check - 

Answers 



OVERVIEW 

I* SCOPE: Quite often It is in3practical 
for a particular oscillator to produce a 
frequency high enough to meet the require- 
ments* And, it is quite conjmon Insuch cases 
to produce the higher frequency by having 
the oscillator produce a relatively low fre- 
quency, and th^n multiplying the oscillator's 
output as much as required to reach the 
needed frequency* This module will discuss 
how this multiplication Is accomplished* 

2*' OBJECTIVE; Upon completion of this 
module you should be able to satisfy the 
following objective: 

Given i schematic diagram of a frequency 
multiplier^ (with component values given) 
and the Input frequency to the frequency 
multiplier, determine Its output frequency 
and the factor bylwhich its input frequency 
will be multiplied In the output* 



PAGE 

i 
1 
1 
2 
4 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
yen may choose, according to your training, 
experience, and preferences, any or all of 
the following: 

REA^teJG MATERIALS: 
Digest 

Adjunct Guide with Student Text VI 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJEfcT, YOU MAY TAKE THE 
MODULE SELF-CHECK, IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP* 



Supersedes.KEP-GP-49, dated 1 June 1974, Supplies on tiand will be used. 
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ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this Guidance Package. 

Contact your instructor if i'ou experience 
any difficulty. 

Begin the program. 

The useof frequencymultlpliersiscomiDon 
in electronics systems. Their use is especially 
common in equipment requiringavery stable, 
extra high frequency. 

For instance, you should recall tiiat a 
quartz crystal oscillator affords .the best 
frequency stability. However, the highest 
frequency that a crystal oscillator, such as 
the Butler you previously studied, can operate 
is determined by physical limitationsp The 
higher tile frequency desired, the thinner the 
crystal must t}e ground. Eventually, a point 
. is reached where the quartz crystal wafer 
is so thin that it would shatter if caused 
to vibrate. 

The advantage of exceptionally good fre- 
quency stability of a crystal oscillator is 
maintained, and the disadvantage of a shattered 
Crystal is overcoiue, by using a lower fre- 
quency crystal and then multiplying its output 



as many times as required to produce the 
desired frequency. 

A* Turn to Student Text, Volume VI, and 
study paragraphs 2-105 through 2-112. Return 
to this page and respond to the following 
statements/questions . 



1. A frequency multiplier will most likely 

operate Class (A) (C) in order to (produce) 

(prevent) harmonics of the fundamental 
frequency* 



2. A Butler oscillator is producing a fre- 
quency oi 430 kHz. It is followed by a 
doubler, a trlpler, and a quadrupler. The 
output frequency of the quadrupler is: 

a. 3870 kH2 

b* 10.32 MH2 

c* 3.87 MHz 

d* 1032 kHz 

3. Given the figure 45-1 schematic diagram 
with tank circuit component values, 
the resonant frequency of the tank circuit is 

kHz. (Use the formula: 



.159 

*o Lc 

places*) 



and carry answer to 4 decimal 
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4. With an input frequency of 660 kHz, 
the frequency niultlpUer will act as a 
(doubler) (tripler) (quadiupler), 

5, A frequency multiplier serves as a 
(rectifier) (buffer). 

64 The frequencymultiplier (does) (does not) 
require neutralization. 

CONFIRM YOUB ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE. 



YOU MAY STUDY ANOTHER RESOURCE OR 
TAKE THE MODULE SELF-CHECK, 

MODULE SELF-CHECK 

QUESTIONS: 

All questions refer to the circuit in fi^re 
45-2, 

I. This circuit is correctly Identified as u 



2, This circuit is normally operated class 
(A) (C) in order to (develop) (prevent) 
harmonics. 

3, With the given values of tank circuit 
capacitance and inductance^ and the input 
frequency of 10 me^ahertz^ this circuit would 

act as a frequency (doubler ) (tripler) 

(quadruplet). 

4, In addition to multiplying frequency, this 
circuit win act as a (voltage doubler) (buffer)* 

5, If the input frequency to this circuit is 
changed to 20 megahertz^theoutput frequency 

will (increase) (decrease) (remain the same); 

and the circuit will be a (doubler) (tripler) 

(quadrupler), 

CONFIRM YOUR ANSWERS AT THE 
BACK OF THIS GUIDANCE PACKAGE* 



INPUT 




OUTPUT 



Figure 45-2 
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ANSWERS TO A - ADJUNCT CXJIDE 

1, C» produce 

2, b 

3, 1980 kHz 
4* tripier 
5- buffer , 
6, does not 

If you Tuissed ANY Questions, review 
the material before ^ou continue. 



ANSWERS TO MODULE SELF-CHECK 
1* fre^aency multiplier 

2, C, develop 

3, quadrupler 
4* buffer 

5, rema'n the sajne, doubier 



have you ansm^red all of the 
Questions correctly? if not review 
the material or study another 
resource until you can answer 
ALL Questions correctly, if you 

HAVE, CONSULT YOUR INSTRUCTOR 
FOR FURTHER INSTRUCTIONS* 
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ELECTRONIC PRINCIPLES (MODULAR SELF^PACED) 
MODULE 46 

SOLID STATE PULSED AND BLOCKING OSCILLATORS 

This Guidance Package is designed to guide you through this module ol the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, which will enable you to satisfy the learning objectives. 



CONTENTS 



Title 

Overview 

List of Resources 

Adjunct Guide 

Module Self-Check 

Answers 



OVERVIEW 

1. SCOPE: A pulsed oscillator Is normally 
a sine wave oscillator that is gated (turned 
On ^ and off) to produce an output for a 
specified period^ and is then turned off for a 
specified period. A blocking oscillator^ on 
the other hand, produces a constant output of 
narrow pulses used for timing ptirposes. In 
this module you will learn how the output 
signal is produced froxneachof these circuits; 
and specific components that affect the output 
and feedback arrangements. 

2. OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objedtLves. 

a. Given a collector loaded pulsed oscil- 
lator schematic diagram with an input gate 
and a group of waveforms, select the output. 

b. From a schematic diagram of 
a blocking oscillator^ select the com- 
ponent<s) that primarily determine output 
signal pulse width; that determine output 



Page 

i 
1 
1 
5 
7 



signal pulse recurrence time; thatdetermine 
transistor cutoff tim>; that provide forward 
bias for the transistoi . 

c. Given the ^ schematic diagram of a 
blocldng oscillator and descriptive state- 
ments and waveforms, match the waveform 
to the statement. 

d. Given the schematic diagram of a 
synchronized blocldng oscillator and a group 
of waveforms^ select the ideal waveform that 
would be present in the feedback loop and in 
the output circuit. 

LIST OF RESOURCES 

To satisfy the objectives of this module you 
may choose, according to your training, 
esqperience, and preferences, any or all of 
the following. 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text VI 



Supersedes KEP'GP-46» dated 1 August, 1974. Supplies on band will be used. 
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AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ABE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKii! THE 
MODULE SELF* CHECK. 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 

The circuits you ^will study in this module 
include the pulsed osclHator and the blocking 
oscillator. These circuits ore used iii radar 
and communications equipments. 

INSTRUCTIONS; 

Study the referenced materlalsSisdirected. 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back ol this Guidance Package. 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 



INPUT 
GATE 



TO 



ITl 



A. Turn to Student Text, Volume VI, and 
study paragraphs 3*1 through 3-20. Return 
to this page and answer the following 
statements/ questions. 

1. In each of the three different pulsed 
oscillators discussed in the Student Text, 
the transistor to which the* input gate is 
applied acts ^ a (switch) (amplifier), and 
the transistor must be (cut off) (saturated) 
in Order for the circuit to produce a sine 
wave output. 

2. The rate of damping of the sine wave 
output from the coUector-loade'd and emitter, 
loaded pulsed oscillator without regeneration 
is controlled the: 

— a. Amplification factor of the transistor. 

b. Q of the tank circuit. 

— c. Amplitude of the feedback. 

^d. Amplitude of the input gate. 

3* Sine waves would be generated at the 
emitter of Ql (figure 46*1) durij^g which 
time period of the input gate? 

— a. TO to T2. 

b. " Tl to T2. 

TO to Tl and T2 to T3. 

d. TO to T2 and Tl to T3. 

4. Frequency of the sine wave appearing at 
the emitter of Ql (figure 46*1) isdetermined 
hy the (input gate width) (value ofLland C2). 



+V, 



CC 



T2 



T3 



4h 

CI 
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-^OUTPUT 



:t:c2 Bo 



R£Ft-lt32 



Figure 46.1. Pulsed Oscillator 
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TO 1 


Tl T2 




INPUT 
GATE 









T3 




Figure 46-'2. Schematic Diagram 
Refer to figure 46*2 for questions 5 and 6. 



REP4~143J 



5* Tbe schematic represents a (collector) 
(emitter)-loafled pulse oscillator (with) (vdth^ 
out) regeneration. 

6* TUe circuit will produce a (sine) (square) 

wave output from T , to T and T to 

T of the input gate. 

For questions 7 through 9, refer to figure 
46-3^ 

7. A (positive) (negative) gate on thebaaeof 
Ql causes it to (cut o£0 (saturate), producing 
a sine wave output. 



8. The frequency oi the sine wave on the 
collector oi Q3 is determined by the: 

_a4 Width of the negative gate on the base 
of 01. 

-_b4 Width oi the positive gate on the base 
of Ql. 

c. Circuit RC time constants. 

d. Resonant frequency of Yl. 

9. Before an input gate is applied to Ql, Q2 
is bsld at (cutoff) {saturation) by the (low) 
(high) voltage on the collector oi Ql. 



INPUT 
GATE 




OUTPUT 



flEP4-795 



Figure 46-3. Crystal Controlled Pulsed Oscillator 
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CONFIRM YOUR ANSiyEBS. 



B. Turn to Student Text, Volume VI, and 
study paragraphs 4-L through 4-20« Return 
to this page and respond to -the foU 
Lo^ng statementci/ questions. 

1. A timing pulse should have (last) (slow) 
rise time* (flat) (sipping) top, (fast) (slow) 
fall time» and accurately controlled 
frequency. 

2. The component or components that 
primarily control the width of the output 
pulse from a blocking oscillator is/are the; 

a. Resistors and capacitors. 

b. Feedback transformer. 

c. LC tank circuit values* 

d. Input trigger frequency. 

3. In a series RL circuit, maximum voltage 
is dropped across the (resistor) (inductor) 
at the instant power is applied. 



CONFIEM YOUR ANSWERS. 



C. Turn to Student Text, Volume VI, and 
study paragraphs 4-21 through 4.29. Return 
to this page and answer the following 
statement^/ questions. 

For questions 1 through 6, refer to figure 
46-4« 




TO 



COLLECTOR 
WAVEFORM 



RSP4'X3$0 



K Draw the base waveshape: 

TO Tl T2 T3 



OV- 



2. Match the statements In column A to the 
waveshapes in column B. 



a. Resistance d R2 (1) 
too high 

b. Resistance R2 
correct (2) 

c« Resistance of R2 
too low 



TT 



CRITICAL 
DAMPING 




OVER 
DAMPING 



(3) OVERSHOOT 



f 




UNDER . 
DAMPING 

3. The time from TO to T2 is controlled by 

a. Rl and CI only. 

b. Ll and L2 only. 

c. Ll, L2, and R2* 

d. Ll, L2, Rl, and CI. 



T2 T3 



Figure 46.4. Blocking Oscillator 

2U> 



4. Cutoff time of transistor QL is con- 
trolled by: ' 

— a. Rl and CI only. 

LI and L2 only* 

c. LI, L2, and R2. 

d. LI, L2, Rl, and CL 

5* The time from TO to Tl is primarily 
controlled by: 



( 



a. Rl and CK 

LI and L2. 

c. LI, L2, and R2V 

d. LI, L2, Rl, and CL 



6. From Tl to T2, Ql is(cutoff) (saturated), 
and CI is (charging) (discharging). 



11. 



Refer to figure 46-5 for questionsTthrough 



L2 « 



^ 1*3 \Q TERNARY 
LH 3 C"-^ OUTPUT 



C2 




Figure 46-5. Blocking Oscillator 

7. Match the statements in column A with 
the waveshapes' in column B. ^ 



Column A 

a. Signal on the base of Ql 

b. Controls PRT 



c* Output signal 
d. Controls PRF. 



e. Collector signal 



(A) 



Column B 

400 MICROSECONDS- 



J PRT 200 ^ 
!MICR0 SECONDS: 




With a trigger input every 200 micro- 
seconds (as shown in question 7(1), an 
output pulse is developed for every (one) (two) 
input trigger(s). ' ' 

9. Use the time references of question 7, 
column and list the things that directly 
affect the following iritervals: 

a. TO to TL [ 



b. Tl to T2. 

c. TO to T2. 



10. If C2 became open, which one of the 
following statements would be true? 

— a. The blocking oscillator would not pro* 
duce an output signal. 

b. The output signal frequency would 

increase slightly. 
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^- Ttie output aignal frequency mnild 
decrease slightly. 



MODULE SELF-CHECK 



H The output PRT ^ould , decrease 
sUghtly. . 



For queationa 1 through 3, refer to figure 
46-6. 



11. Symptoma; Vq is very nearly equal to 
^CC* there is no output. A posaible 
trouble Is: 



K The circuit is a (collector) (emitter)' 
^loaded (puiaed) (blocking) oscillator. 



a. Rl open. 

b. C2 open* 

, f*-- Ql shorted* 

ft 

rf- LI open. 
CONFIRM YOUR ANSWERS^ 



2. The aine wave output frequency of thia 
circuit ia determined by the (input gate 
width) (tank circuit values). 



3. The length of time thia circuit ia allowed 
to oaciUate ia determined by the (input gate 
width) (tank circuit valiiea). 



YOU MAY STUDY ANOTHER RESOURCE 
OB TAKE THE MODULE SELF-CHECK. 



For <iuestiona 4 through 10, refer tofigure 
46-7. 
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Figure 46-6. Circuit Diagran^ 



D.0 




Figure 46-7, Circuit Diagram 



4. This circuit is a (free running) (synchro- 
nized) blocking oscillator. 

5* Pulse width of the output irom uds 
circuit is primarily determined by (trigger 
frequency) (values of CI and Rl) tTl)- 

6. Forward bias for this circuit Isprovided 
by the current ilowing through (|tl) (L2) and 
the (base/coUeccor) (base/ emitter) junction. 

7. Identify each of the waveforms: 

a. Output 



b. Trigger 

c. Feedback , 

6. Pulse recurreiice time (PBT) is from 
T , to X or T to T , 

I*. The time Tl to/T2 represents (pulse 
width) (PRT) (rest time). 

10. The time T2 to T3 represents (pulse 
width) (PRT) (rest time). 

CONFIRM YOXJR ANSWERS. 
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ANSWERS TO A: 

1. 3^tch» cut off 

2, b 

3, c 

4. Value of LI and Ci^ 
5- collector^ without 

6, Sine, TO to Tl and T2 to T3 

7* negative, cut off 

8^_d 

9* cutoffs low 

If you missed ANY questions, review the 
material before you continue^ 



ANSWERS TO B; 

1. fast, flat, fast 

2. b 

3. inductor 

If you missed ANY questions, review the 
material before you continue* 



ANSWERS TO C: 




8 



2. a. <3J 

b. {IJ 

c. (2) 
3- & 

4. a 

5. b 

6. cut off, disclurglns 

7. a. (2) 
b. (1) 
cr(3) 

(1) 
e. (4) 

8. two 

9. a. LlasdL2 

b. CI and HI 

c. Tr^er PRT 

10. c .. 

11. a 

If you missed ANY guei^ons, review the 
material before you continue. ' 



ANSWERS TO MODULE SELF-CHECK: 

1« collector, pulsed 

2. tank circuit values 

3. input gate width 

219. 



4. sfynchronlzed 

5. Tl 

6. Rl, emitter base 

7. a. C 

b, A 

c. B 

8. Tl to T3 or T2 to T4 



9. pulse width 

10. rest time 



HAVE you ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATESIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHER GUIDANCE. 
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ATC GP 3AQR3X020-X 
KEP-GP-47 
1 November 1974 

ELECTRONIC PPINCIPI.FS 
MODULE 47 

This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course, This Guidance Package contains specific information^ including references 
to oUier resources you may study, enabling you to satisfy the learniTAg objectives. 
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Birrata for KEP-GP^7, Dated 1 June and 1 Sept 197A 



1 April 1975 



FAG3 
2 

3 
U 
U 

•6 
8 

S . 

•S 

9 

9 
•10 

10 

10 



FABAGRAFH USB CORHBCTIOW 

Add: AUDIO VISOAL KATERIAI5: 

T7 Lesson Honostable HoltlTibrators 

(AO min) 

3 Correct the spelling of "tirgger* to "trigger*. 

2 Space between "The" and "monostable*. 

3 After «Q2", delete "And" and capitalize "t" In "the". 
6 Change the first *E2" to "E3*. 

7 Delete the oomna after__7Q2*. 



2 
2 
2 
3 
3 

Pig 3A 

3Td SynpLon 



8 
1 

2 

Qaes* le 
Qiies« 2 
Ques* 2 



2id 

1 

3 
5 



11,12,15 thru 18,33, and 3U 



Drair gapacltom C3 i^^ parallel with H2 and CA in 
parallel iiith 

After TqQ^ delete *eqaals zero volts" and substitute 
the nord *and*. 

In the sentence beglnrmlng with Tlhis negative 
delete the word **Degatlve" and after the word 
"change"^ Insert "in a positive direction"* 

Delete the sentences beginning with **Ihe collector 
voltage 

Delete "116 open** 

Add *a" between *than* and "sine". 

Change "charactoristlcs" to "characteristics** 

Change "PK" to •TtHz*, 

Change both tiiae values to "S" microseconds* 

In the schematic, label the capacitor "E^" and 
label the resistor 

Substitute the new pages, attached to this errata, 
for those In your text. 



rtTC Keealer 6-3130 
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PAGB 
13 

Ik 

19 

22 
23 
23 

26 
27 
29 

*32 

32 

36 
37 
37 



PAMGRAFH 
Quest. 5 
Ques^ 12c 
Qiiea, 9d 
Answr 4 



2 



Procedure lb3 
Ques, g(l) 

t (9) 



13 
15 



t 2* 16 
Last statement 

Ques^ 16 
Figure 16 
Ques^ 2kc 



CORRBCTIOg 

Correct spelling of "Increaed" to "increased*, 
Chai^ "wuld" to "would"* 
Delete "a" in "wouldabe"* 
Delete 

Delete all of objective A* 

Be-miixAMr obJectiTe 2 to number 1* 

Change "Jones" to "Bendix". 

Space between "Tlie" and "trigger". 

Correct the spelling of "decrased" to "decreased"* 

Place a parenthesis mark between "to" and "o volts 

Change "B^** to "R5"* 

Change to read •'CWBULT TOOR IBSTODCTOR FOR PROGRESS 
CHECK ". 

Change to read •^yrapbomt V^jQl and QJ2 • V^^* 

Label the bottom of R7 "+V^" a»i bottom of R2 

Change "CI" to *!R2"* 



NOTE: The asterisk (») identiTiea those additional changes required in the text 
dated 1 June 1974. 
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ADJUNCT GUIDE 

3^ Given the RC circuit \rith square wavelnputand the associated output waveforms (a ^trough 
i) in Figure 6, lal^el the output waveshapes as being taken across the resistor (E^^) or the 
capacitor (E^). 

a. 
c. 
e. 

CONHRM YOUR AIJSWERS ON THE NEXT EVEN NUMBERED PAGE. 



B. Turn to Student Text, Volume VI, and study paragraphs 5-25 tiirough 5-38. Return to this 
f?afe9 and answer the following statements /questions. 




RE P4' 1360 



Figure 7 

1. Figure 7 is the schematic diagram of a/ an . multivibrator. 
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ADJUNCT GUIDE 



ANSWERS TO A: 

1. a. Pulse width = $^6 microseconds. 

b. Rise Time ^ I microsecond. 

c. Fall time = I microsecond. 

d. PRT ^ ,_20 microseconds. 
PRF = 50 kHz. 



2. square^ rectangular, no change^ no change 

3. a. ER 
b. EC 
C. ER 

d. EC 

e. ER 

f. EC 

If you mised ANY questions, review the material before you continue. 
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ADJUNCT GUIDE 

Turn to Student Text, Volume VI, and study paragraphs 5-40 through 5-48. Return to this 
page and answer the following statements/questions. 

For questions 1 through 6, refer to Figure 9 and Chart 3 as necessary. 



ifti 



;r3 



INPUT 
TRIGGERS 



LI 




Figure 9 



3UTPUT 



1 




K Figure 9 is the schematic diagram of a 

before triggers are applied, Q _~^is saturated and Q 



is cutoff. 



2* Given Chart 3 as the waveshapes for the Figure 9 circuity ^th wavesha^ ''B" labeled 
as VCQl, label the remaining waveshapes. 



A. 
C. 



An open R 



would remove forward bias from Q2. 



4. Output PRT of the Figure 9 circuit is controlled by the (input trigger PRT) (value of C2 
and R2), and output pul^e width is controlled by the (input trigger PRT) (value of C2 and H2). 
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ANSWERS TO B: 
1- astable 



2. 


A. 


VCQl 




C. 


VCQ2 




D. 


VBQl 


3. 


CI 


and R2 


4. 


A. 


R2 




B. 


R3 




C. 


CI 




D. 


C2 



5. a 

6. b 

7. d 

8. increasing, decrease 

^'^^^ '"P"» trigger frequency 

10. higher 

11. RC time constants 

12. c 

If you missed ANY questions. 



review tbe material before 



you continue. 



Refer to waveform "lb" of Chart 3. The 
- a, increasing the value of R2. 

b. increasing the trigger Prt. 

c. decreasing the value of R2. 

d. decreasing the trigger Prt. 



time from Tl to T2 could be 



increased by 



16 
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ADJUNCT GUIDE 

K CI (figure 9) became open, which of the following conditions would exist? 

a. VCQ2 would remain high and VCQl would remain low. 

, I b. VCQl would remain high and VCQ2 would remain low, 

c. The circuit would continue to function, but at a slightly lower irequency. 

d. The circuit would continue to function, but at a slightly higher frequency. 



CONFIRM YOUR ANS'^RS ON THE NEXT EVEN NUMBERED PAGE, 



D. Turn to Student Text, Volume VI, and study paragraphs 5-49 through 5-59. Return to this 
page and answer the following statements/questions. 



For questions 1 through 13, refer to Figure 10 and Chart 4 as necessary. 




TRIGGERS! 



1 

-0.9 V 



7 r r 
r 



I 



-2V 
I 



r 



-r.3V 

-2V 
-117V 



I I 



V Tl 



I 

T2 



Chart 4 



1_ 



r 



T3 

REP4^1365 



Figure 10 

1. The Figure 10 schematic diagram is correctly identified as a/an — ^ 
multivibrator, 

2. Given Chart 4 as the waveshapes for the Figure 10 circuit with waveshape ''A" labeled 
as VBQU label the remaining waveshapes. 

B. 

C. 

D. 
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ANS-JVERS TO C: 

!• Moaostable Multivibrator: Q2, Ql^ 

2. A. VBQl 

C. VBQ2 

D. VCQ2 

3. R2 

4. input trigger PRT, value of C2 and R2 

5. a 

6. b 

If you missed ANY questionSt review the material before you continue. 



3^ The output PRF of this circuit is controlled by the (input trigger PRF) {RC Ume constants), 
and the output pulse width is controlled by the (input trigger PRT) (RC time constants). 

4. Complete the following equations: 

a. IR7 ^ IC Q2 ^^ m 

b. IR4 {mi - IRS) ^ {mi - ■) 

c. V^^. = ERl ^ ER2 ER , " ■ 

5. Given: The PRT of the input trigger to the Figure 10 circuit is 500 microseconds. The 
PRE of the output is ! kHz* 

6. Which of the following is the path throiJgh which forward bias CURRENT for Q2 will How? 

a. "Vqq, H7j collector^ emitter^ R4, ground. 

b. ^^cc* ^3* ground. 

c. "Vqq, R1, R2j R5, ground. 

d. -Vqq, Rlj R2, base, emitter, r4, ground. 

18 



MODULE SELF-CHECK 



SOLID STATE MULTIVIBRATORS 
Questions 1 thru 4, refer to Figure 12 and Chart 5, j 



1 



Rl 



1 1 


;R2 R3< 


[ 1 













ov 




CC 

OV 
OV 

-V 



Figure 12 



TO fl T2 
Chart 9 



T3 

FEP4-1353 



K The circuit in Fi^re 12 is correctly identified as a (triggered, free-running) (astable, 
monostable, bistable) multivibrator. 

2, Given: The waveform labeled "A^' on Chart 9 is the signal from the collector of Q2, 
Match the remaining waveforms to the proper element of the Figure .12 transistors. 

Collector Ql , 

Base Ql 

Base Q2 

3, Increasing the value o£ R2 or CI would cause (Ql, Q2) to be cutoff longer, and (Ql, Q2j 
to be saturated longer. ^ o ■ 

4, Given: Vq Ql and Vq Q2 are very low, and they remain at the same value. A possible 
trouble is . ' * ' 

a. r2 open. 

b, CI open. 

c, R3 open. ^ 

d. q2 open. 
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iviUUULi^ iJELF*CHECK 



Questions 5 thru 7^ refer to Figure 13 and Chart 10, 




TRIGGER INPUT 

1 



Figure 13 




Chart 10 



5. The circuit in Figure 13 is correctly identified as a (triggered^ free-running) (Astable^ 
Monostable^ Bistable) multivibrator. 

6. The purpose of using input triggers to this circuit is to , 
a. inc^rease pulse width. 

b, decrease pulse width. 

c< impair frequency stability, 

d. improve frequency stability, 

7. On Chart 10, the time from Ti' to 13 is called . 



this time is controlled by the (trigger frequency^ RC Tinae Constants), 



Questions 8 through 12^ refer-to Figure 14 and Chart 11, 




OUTPUT 



LL 




Fifflire 14 



Chart 11 



OVERVIEW 



SOLID STATE MULTIVIBRATORS 

Ir SCOPE: There are three basic multivibrators that will be explained in this module, A 
complete circuit analysis of each type, including component purposes, waveshapes, uses, 
and troubleshooting procedures will be covered. You ate expected to become familiar with each 
facet of development as it is covered, And^ since the Schmitt Trigger circuit is very similar 
to multivibrators, it also is covered in this module to approximately the same depth. All of 
these, circuits have numerous applications* In fact, regardless of your particular electronics 
specialty, you will no doubt encounter weapom^^ systems requiring square wave generation, 
timing, and wave, shaping* Multivibrators and Schmitt Trigger circuits perform all of these 
functions. 

2, OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a. Given schematic diagrams of the following solid state multivibrators, select the name 
and primary use of each; 

(1) AstabLe« 

(2) Monostable. 

(3) Bistable. _ 

b« Given the schematic diagram of a multivibrator and a list of statements, select the 
statement that describes the effects of time constants cxi p^ulse width, pulse recurrence fre- 
quency, and pulse recurrence time. 

c« Given the schematic diagram of a multivibrator and a list of statements, select t)ie 
statement that describes the effects of tri|%erlng on circuit operation* 

d« Given a trainer with a malfunctioning multivibrator circuit, a schematic diagram^ 
multimeter^ and oscilloscope, determine the faulty component* 

e. Given a schematic diagram of a Schmitt Trigger circuit and a list of symptoms, 
identify the faulty component. 



AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK, IF YOU DECIDE NOT TO 
TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE AND PREVIEW THE UST 
OF RESOURCES* DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY 
QUESTIONS* 
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LIST OF RESOURCES 

SOLID STATE MULTIVIBRATGRS 

To satisfy the objectives of this module, you may choose, according to your training^ 
experience^ and preferences^ any or all of the foUowlng: 

BEADING MATERIALS: 

Digest 

Adjunct Guide with Student Text 
LABORATORY EXERCISE: 
Laboratory Exercise 47-1* 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHECK* 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 



DIGEST 



SOLID STATE MULTIVIBHATORS 



In general, multivibrators pro<hice square or rectangular waveshapes in their output. They 
are used in numerous applicatiorts such as timing^ gating, shaping, storing, shifting, and fre- 
quency divisioa. Because of their numerous applications^ three basic types are required. 
However, for specialized applications, the basic types are frequently modified as required to 
fit ^he specific need. The theory of operation of all types are very similar and, complete 
mastery of one will enable you to distinguish and understand individual differences. 



Identification of the three tiaslc types is relatively , simple. Figure 1 represents a basic 
Astable; figure 2 Is a tiaslc Monostable, and figure 3 is a tiasic Bistable multivibrator. The 
output waveshapes of each are shown^ along with the input tlrgger if a trigger is required. 



Use these schematic diagrams and waveshapes 



while 



reading the explanations that follow. 





CC 
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-REr4-l$60 



TO 



TI 



T2 



T3 



Figure 1. Astable Multivibrator and Waveshapes 




□OTPUT 



!■ i^ure 2. 



Mounst.ible Multivibrator and 
'Vaveshapes 




The names of the three basic multivibrators are derived from the number of stable states. 
For instance, the Astable has no stable state. Ql and 02 will alternately switch from cutoff 
to saturation; when Ql is Cutoff, due to the feedback, Q2 Is saturated, l^e Monostable has one 
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DIGEST 



2 Rl 




INPUT 



TRIGGERS I 



T — r 



r 
r 



R3| ci\^a 



L^PUT 
1 



.2V 



VbQ2 



;r4 



I 

-11 JV 



L 

r 



TO T1 



T2 



T3 



Figure 3, Bistable Multivibrator and Waveshapes 



Stable state. l>ue to the bias arrangement, one transistor will remain cutoff (in the fi^re 2 
circuit, Ql) and the other will remain saturated until an external trigger is applied. The trigger 
will cause the cutoff transistor to saturate and the saturated transistor to cutoff (caused by 
feedback). After aperlod, determined by the RC time constant (R2 and C2 of figure 2), the circuit 
will return to the original state until the next trigger Is applied. The Bistable, as the name 
implies, has two stable states. One transistor will be saturated and the other transistor cutoff 
until an external trigger Is applied. The trigger causes the transistors to reverse states, 
and they will remain in the reverse state until a second trigger Is applied to switch them back. 

For circuit identification, (figure 1) note that the astable circuit has a resistor/capacitor 
combinatioR in each base circuit, C2/r3 for Q2, and Cl/R2forQl, Themonostable has a 
resistor/capacitor combination (figure 2} in onlyone base circuit, R2/C2 for Q2, And, the bistable 
uses direct coupling from the collector to base of both transistors (figure 3}* m addition, 
the bistable employs an emitter resistor that Is common to t>oth transistors (R4K 

The waveshapes of eachtypemultlvibratorarevaluableaids to understanding their operational 
characteristics » For instance, the waveshapes of the figure 1 Astable circuit show that Ql 
is saturated (TO to Tl) while Q2 Is cut<^. it also showis thajt Q2 is t>eing held at cutoff by the 
negative signal on its base* Further, it shows that the voltage on the Q2 base decreases ^ an 
exponential rate, and Q2 again becomes saturated when the voltage decreases sufficiently, 
C2 discharging through R3 determines how long Q2 stays cutoff, ci discharging through R2 
determines how long Ql remains cutoff (Tl to T2), Now, the cutoff time of Q2, added to the cutoff 
time of Ql produces one complete cycle (TO to T2}, Therefore, you should surmise that the output 
PRF is controlled by the base RC components (R2, CI, US, C2), You should also see that a 
square W7v« could be taken from the collector of either (or *Oth) transistors. The two signals 
are 180 degrees out of phase. 
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DIGEST 



From the astable multivibrator waveshapes It should be evident that, U the location of either 
waveshape is given^ the location of the other three Is very simple to determine. Note that both 
transistors are common emitter configiiratlons; therefore, a phase shift of 180 degrees will 
tate place between the. base and collector of each. Since the base circuits have RC time con- 
stants determining their waveshapes, they will have an exponential curve, So» if you were 
given the waveshape for VBQ^, for example^ you would know that VBQl Is exactly the same but 
180 degrees out of phase. You would know that VCQ2 Is a square wave that Is 180 degrees out 
of phase with VBQ2, VCQl would be the same as VCQ2» but 180 degrees out of phase. 



The waveshapes for the monostable and bistable circuits are equally as simple to determine. 
However, you should note that the monostable circuit has an exponential base circuit wavefdrm 
on only one transistor^ and the bistable circuit has square waves throughout. You should also 
note in the monostable circuit that the pulse width (Tl to T2) is controlled by the size of C2 
and ll2, but the output PRT (Tl to T3) is controlled by the input trigger. Both the pulse width 
(Tl to T2) and PRT (Tl to T3) of the bistable circuit is controlled by th- input trigger. Further^ 
in the bistable circuity it takes two triggers in to produce one cycle out. Therefore^ the bi- 
stable circuit divides the input frequency by two* 




FLTL 



OUTPUT 



RE P4' 1864 

Figure 4* PNP Astable Multivibrator 

T rout :e shooting multivibrator circuits (see figure 4) is relatively simple if you have learned 
and retained the basic concepts of transistor amplifiers. For instance^ you should recall 
that increasing forward bias on a transistor decreases thelranslstor^s resistance and in- 
creases the current flowing through It, IS the forward bias is increased enough^ the transistor 
will become saturated^ lowering its total resistance drastically. When saturation occurs, 
the voltage from collector to ground (V^) very nearly equals zero volts. 

On the other hand, decreasing forward bias on a transistor increases its resistance and 
decreases the current through It* If the bias is decreased enough, a point is reached that 
forward bias becomes reverse bias, and the transistor is cutoff* When cutoff is reached^ 
resistance of the transistor is maximum and current almost ceases to flow through it. There- 
fore, at cutoff, the collector to ground (V^) voltage is nearly equal to V^c* 

Understanding the effects of bias changes Is imperative to your comprehension of the 
following troubleshooting discussion: 

Symptom: of Ql is nearly equal to V^c and of Q2 is nearly equal to zero volts, 

(See figure 4), 
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cause: The symptom indicates that Ql is atcutoff and Q2 is saturated. What would cause this? 
One possibility is R2 open* To understand thlfl^ trace the forward bias current path for 
Ql , from -Vqc ^ through R2^ through the emitter/base junction^ to ground. So, with R2 
open^ Ql would have no forward bias; it would be cutoff^ and its collector voltage (V^) 
would very nearly equal Vqq. Vqc wuld be coupled from Ql collector to Q2 base, 
causing Q2 to be saturated, and its Vq to nearly equal zero volts. 

Ql open would also cause this symptom. Remember that applied voltage (in this case 
Vqc) is dropped across an open* Vqq (from the collector of Ql) would be coupled to the 
base of Q2, keeping it saturated and its collector volage nearly equal to zero volts. 

Symptom: Ql Is nearly equal to zero volta; V^^ Q2 Is nearly equal to V^^. 

Cause: R3 open or Q2 open* U required^ you can explain this to yourself l)y following the 
explanation for the symptom above^ substituting Q2 for Ql^ Ql for Q2^ R3 for R2p and 
R2 for R3* 

Symptom: V^^ Ql equals zero volts; V^^ Q2 is very low but greater than zero volts. 

Cause: Rl open or Ql shorted would cause this symptom. Rl and Ql are in series; and^ 
with Rl open^ total voltage would be dropped across Rl^ leaving none to be dropped between 
the Ql collector and ground* WithQlshorted^its resistance would be zero olims and would 
drop no voltage from collector to ground. But^ how would this cause Q2 to be saturated^ 
keeping its collector voltage near zero volts? The answer; it wouldn't. Recall that the 
only thing that will cause Q2 to decrease iii conduction (and cutoff) is a changing voltage 
coupled to its base from the collector of Ql* Since the collector of Ql is remaining at 
zero volts, C2 can not charge and discharge; so, nothing is coupled from the Ql collector 
to Q2 base* Therefore^ since Q2 has a constant forward bias from ^^^c* ^^^^^ ^3, 
through the emitter/base junction to ground, it will conduct constantly near saturation, 
keeping Vc Q^^ near zero volts. 

Symptom: Q2 and Vq Ql is very low but greater than zero volts* 

Cause: Cl open or C2 open. Consider tliat Cl is open and follow alcHig. When power is first 
applied, both transistors initially conduct almost at saturation; therefore^ the Vq of 
both will be low. Now^ with Cl open^ nothing will be coupled from the collector of Q2 to 
the base of Ql. So, the Vq of Ql will stabilize at a value determined solely by the amount 
of forward bias current that flows through R2 and the emitter/base junction. Since 
of Ql will not be changing^ nothing will be coupled to the base of Q2. Therefore^ Vq 
Q2 will be determined solely by the forward bias current that flows through R3 and the 
emitter/base junction* Since the value of R2 and R3 is chosen to cause the transistors 
to conduct near saturation, of both will be very low. By substituting C2 for Cl and 
Q2 for Ql, you can, if necessary, go through the same explanation for C2 open* 

Symptom: Vq Ql equals Vqq; Vq Q2 nearly equals zero volts* 

cause: Rl shorted^ .Recall that no voltage is dropped across a shorted component {Rl in this 
case)^ and since Rl andQlareinseries between -Vcc and ground, Vcc would be measured 
on the Ql collector. This voltage would be coupled to the base of Q2^ keeping it saturated, 
and its collector voltage nearly equal to zero volts. 
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Symptom: Vq Q2 equals Vqq; Vq Q1 nearly equals zero volts, 

Cauee: R4 shorted* If necessary, you can explain this, malfunction by following the preceeding 
explanation, substituting R4 for Rl, Q2 for Ql, and Ql for Q2, 

Before discussing the following malfunctions^ abrlef review is in order. Recall that increasing 
forward bias of a transistor beyond agiven point (depending on the transistor's characteristics) 
will cause structural breakdown and destruction of the transistor. In all probability^ structural 
breakdown would occur if either of the base components <C1 and r2 for Ql, and C2 and r3 for 
Q2) became shorted. However, for explanation, you can assume that the transistors can stz;nd 
the added current without structural breakdown. Do so for the following discussion: 
' r 

Symptom: Vc Ql and Vc Q2 nearly equal to zero. 

Cause: CI, 02, R2, or R3 shorted. You should see that parallel paths now exist for forward 
bias current; from -Vcc through R2 and from 'Vqc through fi4 and around the shorted 
CI, These two currents combine as the base/emitter current for Ql, causing Vq Ql 
to be very near zero. And, since the voltage does not change, nothing is coupled to Q2 
to affect its operation. Since R3 allows enough current to flow through the eniitter/base 
junction of Q2 to cause saturation, its collector voltage also will be near zero. Either 
of the other three base circuit components shorted will cause basically the same operation. 

If you thoroughly understand the troubleshooting of the astable circuit as explained above, 
you should be able to apply this knowledge in troubleshooting the monbstable and bistable 
circuits. 

If the waveshape of a square wave signal degenerates to the point that is rounded, a "Schmitt 
Trigger" circuit may be used. The circuit will furnish a sharp rectangular output pulse of 
about the same duration and phase as the input signal. The Schmitt Trigger restores a de- 
generated pulse to its original shape. 

The Schmitttriggerisbasicallyamultivibrator, The main difference is that one of the coupling 
networks is replaced by a common emitter resistor, providing additional regenerative feedback 
to obtain a faster switching time. The circuit is shown in Figure 5. 



-13V -nv 




Figure 5, Schmitt Trigger 
7 
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In the quiescent sta.te, the Input to the Schmltt trigger circuit is a.t 0 volts. Ql is cut off, and 
Q2 is held at saturation by the negative voltage developed across the voltage dividing network 
B5, B4, and R3. The current through Q2 causes a voltage drop across R7, reverse biasing Ql 
and keeping It cut off. In this condition, the output taken from ttie collector of Q2 is about 0 volts. 

At Tq, the negative signal applied to input A has sufficient amplitude to turn Ql on. The 
collector of Ql goes to about Ovoltsas ttie transistor conducts. This negative change is coupled 
to the base of Q2 causing a decrease in conduction. The decrease in the conduction of Q2 
through R7 reduces the reverse bias on Ql^ Ql is now saturated, and Q2 is cutoffs The voltage 
out of Q2 is almost equal to V^^^ 

The circuit remains in this state until Tl when the input voltage becomes less negative. When 
the input signal swings in the positive direction, Ql will start to conduct less. The collector 
voltage of Ql will start to conduct less. The collector voltage of Ql starts In the negative 
direction. This change is coupled to the ba^^e of Q2 and turns it on^ The Increase in current 
through Q2 and R7 puts reverse bias on Ql, cutting It off^ The collector of Ql go^s to negative 
VcC^ and Q2 conducts near saturation^ The output is near 0 volts^ 

Notice how the rounded input wave is converted to a square wave outputs The sharp rise and 
fall of the edges is due to the regenerative feedback between Q2 and Ql^ Any slight change in 
the conduction of Ql is applied to the base of Q2 which changes the emitter voltage of Ql. 
Capacitor CI speeds the transition from one state to the other. 

Schmitt trigger circuits are not only used for squaring circuits but also as voltage-level 
sensing circuits^ Voltage sensing circuits are useful In warning or control circuitry. If the Input 
voltage rises above or falls below a specified level, the Schmitt circuit produces an output. 
The output then activates a warning device* 

The troubleshooting theory of the Schmltt Trigger circuit is very similar to the astable 
multivibrator; therefore, the following symptoms and probable causes are given without 
explanation. Refer to Figure 5 while following the troubles and causes* 

Symptom: No output; Vc Q2 is near zero* 

Possible Causes: H3, R4, Or CI shorted. 

Symptom: Q2 is normal; no output* 

possible Causes: Rl or Ql open; R2 shorted* 

Symptom: High frequency distortion In output* 

Possible Cause: CI open* 

YOU MAY STUDY ANOTHER RESOUBCE OR TAKE THE MODULE SELF-CHECK. 
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SOLID STATE MULTIVIBRATORS 

INSTRUCTIONS: 
Study the referenced materials aa directed. 
Return to this guide and answer the questions. 

Check your answers against the answers at the top of the next even numbered page following 
the questions/ 

If you experience any difficulty, contact your instructor. 

Begin the program. 



To date, with exception of the blocking oscillator, you have been concerned with circuits that 
either create or amplify sine wave signals* However, in electronics the requirement often 
exists for signals other than sine wave* For instance, you should recall that a pulsed oscillator 
required a square or reptangular wave input* The ^''^put wave turned the oscillator on for a 
specific period, and then turned It off for a specific period. The circuits use^T to generate 
these square and rectangular waves are called multivibrators. 

Square and rectangular wave signals possess characteristics not found in sine wave signals. 
Consequently, different terms are required for designating these characteristics. And, a 
discussion oi these terms Is neces^sary prior to learning how they are generated. Ifow well 
you understand th€ circuits will, to a great degree, depend upon your mastery of the square and 
rectangular wave charactdristlcs. 

A. Turn to Student Text, Volume VI, and study paragraphs 5-1 through 5-24. Return to this 
page and answer the following statements/questions. 




Chart I 
9 
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1. Refer to Chart 1 and complete the following blanks: 

a. Pulse Width =5 micros econd^s). 

b* Rise Time = n)icrosecond(s). 

c* Fall Time = n)icroflecond(fl)* 

d. PRT = n}icroaecond(s)« 

e. PRF = IlHz 



3 



2* The waveform of Chart 1 is a (square) (rectangular) wave; decreasing the width of the poal- 
tlve alternation by lO microseconds and increasing the width of the negative alternation by lO 
microseconds would change it to a (square) (rectangular) wave, and would cause (an increase) 
(a decrease) (no change) in PRT, and (an increase) (a decrease) (no change) in PRE* 



9 Mcryiuu TC = 



Figure 6 
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3. Given the RC circuit with square wave input and the associated output waveforms (a through 
f) in Figure label the output waveshapes as being taken across the resistor (£|^) or the 
capacitor (E^). 

a. 

b. 

c* 

d. 

e. 

i. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



B. Turn to Student Text, Volume VI, and study paragraphs 5-25 through 5-38* Return to this 
page and ansiver the following statements/questions « ^ 



'CC 



Rl 





;r2 r3: 






Cl C2^ 





1 



REP4-1B60 



Figure 7 

1. Figure 7 is the schematic diagram of a/an _ 



multivibrator. 
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ANSWERS TO A: 

1, a. Pulse width = 9*6 microseconda* 

b. Rise Time = 1^ microsecond* 

c. Fall time = 1^ microsecond, 

d. PRT = _2p microseconds* 
. e, PRF-50kHz* 



2, square, rectangular, no change, no change 

3, a, ER 

EC 

c, ER 

d, EC 

e, ER 

f, EC 

If you mised ANY questions, review the material before you continue* 



CC ^ 




Chart 2 
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2. Given Chart 2 aa the waveshapefi ol the Fl^re 7 circuity with waveshape "B'' labeled as 
VBQ2j label the remaining waveshapes. 

A, 

c. ; 

■ ' : 



For questions 3 through 8» refer to Figure 7 and Chart 2 aa necessary. 
3. The time from Tl to T2 of waveform '*D'\ls primarily determined by the values of C 
and R , 



4. List the four components that are the primary determinants of the;PRT and PRF of the 
Figure 7 circuit. 



A. 

C. 



5. Refer to waveform "A" of Chart 2. The width of the square wave beWeen T2 and TQ 
could be incresed by * . ^ 



a, increasing the value of C2, 

-b. decreasing the value of R3. 

-c. increasing the value of CI. 

.d. increasing the value of R2« 



6. Symptom: VCQl very nearly equals y^c; VCQ2 very nearly equals zero. A possible 
trouble is 



a. P J 

.b. r2 open, 
.c. .Rl open* 
.d, r4 open. 
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7, If CI should become open, which oi^Xhe following conditiona would exist? 

a, VCQl and VCQ2 would be higher than normal. 

b- VCQl would be high and VCQ2 would be low, 

c. VCQ2 would be' hlgh and VCQl would be low, 

d, VCQl and VCQ2 would be lower than normal- 

8, (Increasing) (Decreasing) the values of R2, H3, CI and C2 would cause the output pRT to 
increase and output pRF to (increase) (decrease). 




TRJGGER INPUT 

z 

- Figure 8 

9, The Figure 8 schematic diagram represents a/an* . 

multivibrator; its output frequency is controlled by the (input trigger frequency) (RC time 
constants), 

10. ^ For proper Operation of the Figure 8 circuit, the input trigger frequency must.be slightly 
(higher) (lower) than the free running frequency, 

11. Pulse width (cutoff time of Ql) of the output signaifroro the figure 8 circuit is controlled 
by the (trigger PRT) (RC time constants). 

12, If CI of the Figure 8 circuit became open, which of thelollowlng conditions would exist? 
a, Ql would remain at cutoff and Q2 would remain at satiiration. 

b^, Q2 would remain at cutoff and Ql would remain at saturation, 

c. The circuit wuld continue to function, but at a slightly lower frequency, 

d. The circuit would continue to function, but at a slightly higher frequency, 

CONFIBM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 
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C. Turn to Student Text, Volume VI, and study paragraphs 5^40 through 5-48. Return to this 
page and answer the following statements/questions* 

For questions I through 6, refer to Figure 9 and Chart 3 as necessary* 




Chart 3 



I. Figure 9 is the schematic diagram erf a ; 

before triggers are applied, Q W saturated and Q is cutoff. 

2« Given Chart 3 as the waveshape^ for the Figure 9 circuit, with waveshape "B'' labeled 
as VCQl, label the remaining waveshapes. 

A. ■ 

C. ■ ^ 

D* 

3. An open R , . would remove forward bias from Q2. 

4. Output PRT of the Figure 9 circuit is controlled by the {ieput trigger PRT) (value of C2 
and R2), and output pulse width Is controlled by the {input trigger PRT) (value of C2 and R2)* 
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ANSWERS TO B: 

1. astable ^ 

2. A. VCQl 

C. VCQ2 

D. VBQl 

3. CI and 

4. A. R2 

C. Cl 

D. C2 

5. a 

6. b 

7. d 

8. Increasing, decrease 

9. triggered astable^ input trigger frequency 

10. higher 

11. RC time constants 

12. c 

If you niLSSed ANY questions, review the inaterlal before you continue. 



5. Refer to waveforiu "D'' of Caart 3. The time from Tl to T2 could be increased by 

a. increasing the value of R2. 

^ b. increasing the trigger PRT. 

c. decreasing the value of R2. 



d. decreasing the trigger PRT. 



16 



<4S 



ERIC 



ADJUNCT GUIDE 

If CI (figure fi) became open, which of the following conditions would exist? 

a. yCQ2 would remain high and VCQl would remain low. 

b. VCQl would remain high and VCQ2 would remain low. 

c. The circuit would continue to function, but at a slightly lower frequency. 

d. The circuit would continue to function, but at a slightly higher frequency. 



CONFIRM YOUB ANSi^ERS ON THE NEXT EVEN NUMBERED PAGE. 



D. Turn to student Text, Volxiroe VI, and study paragraphs 5-49 through 5-59. Return to this 
page and answer the following statements/questions* 

For questions 1 through 13, refer to Figure 10 and Chart 4 as necessary. 



-12V 




TRIGGERS I P 



r 



VrQI 



-0.9V 
.1.3V 



VrQI 



-2V 

.117V 
i 



VgQ2 
Vc02 



-().9V 

-1*3V 
I 

.2V 

-11.7 V 



I I 

I 1 

T5 Tl 



T2 



REPA-ISSS 



Chart 4 



r 



T3 



Figure 10 

1, The Figure 10 schematic diagram is correctly identified as a/an . 

^ multivibrator. 

2. Given Chart 4 as the waveshapes lor the Figure 10 circuit with waveshape "A" labeled 
as VBQi, label the remaining waveshapes. 

B, , 

C. 

D. 
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ANSWERS TO C; 

1 . Monostable Multivibrator; Q2, Ql 

2. A. VBQl 

VBQ2 
D. VCQ2 

3. R2 

4. input trigger PBT^ value of CZ and B2 

5. a 

6. b 

If you missed ANY questions, review the material before you continue. 



3. The output PRF of this circuit is controlledby the (input trii^ger PBF) (BC time constants), 
and the output pulse width is controlled by the (Input trigger PBT) (BC time constants). 

4. Complete the following equations: 
a. IR7 = IC Q2 f IR . 

b> m4 ^ {IRl - IBS) f (IR7 - : — ) 

c. V^^ = EBl ^- EB2 f EB 

5. Given: The PBT of the Input trigger to the Figure 10 circuit is 500 microseconds. The 
PRF of the output is . kHz. 

6. Which of the follo\ring is the path through which forward bias CURRENT for Q2 will flow? 

~^CC' collector, emitter, R4, ground. 

jj. "^CC' ground. 

c. -y^C* ground. 
d. -Vqc* I*1< *^2, base, emitter, R4, ground. r-,^ 
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7. Increasing the PRT of the Input triggers would cause the output pulse width 

a* and output frequency to increase. 

to increase and output frequency to decrease. 

c* to decrease and output frequency to Increi^e. 

d. to decrease and output frequency to decrease. 

8* The primary purpose of C3 and C4 Is to 

a. filter the forward bias for Q2 and Ql. 

b*. Improve the circuit's low frequency response. 

^c* improve the circuit's high frequency res, inse. 

^ d. prevent DC coupling between the 2 transistors. 

9. If 01 became open, which of the following conditions would exist? . 

a, Ql would be saturated and Q2 cutoff. 

b. Ql would be cutoff and Q2 saturated. 

c. Ql and Q2 would be cutoff. 

d* Ql and Q2 wouldabe saturated. 

10. Symptom; VCQl and VCQ2 very nearly equals Vqq A possible trouble is 
a, 02 open. 

^b. Rl and R7 open. 

c. R4 open 

d* R2 open* 

11. If R2 became open, which of the following conditions would exist. 

a* Q2 would be cutoff, but would conduct briefly each time a negative trigger is 

applied to its base. 

b* Ql would be cutoff, but would conduct briefly each time a negative trigger is 

applied to its base. 

^c* Q2 would be saturated, but would cutoff briefly each time a negative trigger is 

applied to its base. 
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12. An open would cause forward bias on Q2 to (increase) (decrease) and forward bias on 
Qi lo (increase) (decreas(3) 

13* The leaciinp edge on the output signal from Q2 is rounded* A possible cause ofnthis is that 

^a; C4 is open* 

b. C3 is open. 

c. CI is Open. 

C2 is open. 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



E. Turn to Laboratory Exercise 47*1, This exercise will reinforce and prove most of the 
principles you have learned about multivibrators* In addition, you will gain valuable experience 
in the practical aspects of multivibrator troubleshooting. 

Return and continue with this program when the Laboratory Exercise has been completed. 



F. T^irn to Student Text, Volume VI, and study paragraphs 5-60 to 
Return to this page and answer the following statements/questions: 

l*-iT questions I through 5, refer to the Figure 11 schematic diagram as necessary* 



INPUT O 



INPUT 




fl2V 



KigUVP 1 1 
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1p The Figure 11 schematic diagram is correctly identified as. a/an 

a* free running bistable multivibrator. 

b, triggered astable multivibrator. 

c* Schmitt Trigger circuit, 

d* pulse shaping monostable multivibrator* 

2« Witb no input signal to the Figure 11 circuit, Ql is (cutoff) (saturated), and the Q2 output 
is (0 volts) (-V^^), 

3* The two principal purposes of the Figure 11 circuit are wave - 

and voltage level . , 

4* Symptoms; Circuit has no output; Q2 is normal* A possible trouble is 
a* R2 open. 



.b* HI open* 
»c* r3 open, 
,d, R4 open. 



5, Symptoms: Output signal is distorted at high frequencies* VC Ql and VC Q2 are normalp 
A possible trouble is 

a* CI shorted. 

b, CI open, 

c, R4 open, 

d, R4 shorted. 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 
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ANSWERS TO D: 

1. Bistable 

2. B, VCQl 

C, VBQ2 

D. VCQ2 

3. input tri^or PRF, input trigger PRT 

4. a, IR7 = IC Q2 + m 6 

IR4 = (mi - ms) + (m7 - m3) 

V^^ = ERl + ER2 + ER5 

5. 1 kHz 

6. d 

7. b 

8. c 

9. b 

10. c 

11. a 

12. increase, decrease 

13. b 

U you miaaed ANY questions, review tiie material before you continue. 



ANSWERS TO F: 

1. c 

2. cutoff, 0 volts 

3. ahaping, sensii^ 

4. b 

5. b 

li you miaaed ANY questions, review the material before you continue. 
YOU MAY STUDY ANOTHER RESOURCE OB TAKE THE MODULE SELF-CHECK. 
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LABORATORY EXERCISE 



47-1 

SOLID STATE MULTIVIBRATORS 



OBJECTIVES: 



1. Given a trainer having a semiconductor multivibrator circuit, multimeter, 
and oscilloscope, measure the output amplitude and frequency within 10 
percent accuracy. 

2. Given a trainer \rith a malfunctioning multivibrator circuit, a schematic 
diagram, multimeter, and oscilloscope, determine the faulty component* 

EQUIPMENT: 

1* Sweep Generator Trainer (DD-5932) 

2. Oscilloscope (LA*261) 

C* Transistor Power Supply (DD-4649) 

4« Multimeter (PSM*6) 

REFERENCE: Student Text, Volume 6, paragraphs 5-22 thru 5-59 

CAUTION: OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY AT ALL TIMES. 
REMOVE WATCHES AND RINGS* 

PROCEDURES; 1* Equipment Preparation 

a. Oscilloscope Controls Position 

(1) Turn POWER ON 

(2) MODE AUernate 

(3) POLARITY Normal DC 

(4) VOLTS/DEV 

"A" Channel 1 CaUbrated 

(Change as required) 

"B" Channel *5 calibrated 

(Cliange as required) 

(5) TIME/DEV ' *5 milliseconds 

(6) TRIGGER SELECTOR Auto, Ext, + 

(7) HORIZONTAL POSITION Adjust for Normal Sweep 

(8) FOCUS + INTENSITY Adjust for Clear Presentation 

b. Interconnections 

1. Ground Oscilloscope to Trainer at TP2. 

2* Connec¥P!^teger input to TPll of Trainer, 

3; Connec^^wer Supply to Trainer (Use Jones Plug cable). 
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c. Transistor Power Supply 



(1) On/of£ Switch - On 

(2]f AdjiiGt Voltage to 25 volts (Use Built-in meter). 



Trainer 

(NOTfi: The student WLLNOT, atanytlme, open the hinged panel 
on back of trainer,} 

(1) Sl-Rll 

(2) S2 - C5 

(3) S4 - Down 

(4) S3 - R12 

Cbnsult your Instructor^ ^uid let him ensure that the trainer Is in 
its normal operating condition* 

2« tfainer Analysis 

Transistors Q2 and Q3, along with associated components, comprise a monostable 

multivibrator, A trigger for the multivibrator Is supplied by Ql and its associated 

components, Q4 and its associated components will be used in a later lab project* 

This trainer provides a simple, practical method for your use in learning the - ) 

operational theory of multivibrators In general, and mpnostable multivibrators 

in particular. This trainer will also give you valtiable experience in the practical 

aspects of multivibrator troubleshooting* 

3, Activity 

(NOTE: The multimeter will be used on the ofammeter function when an open or 
shorted component is suspected, and the osclUoscope will be used for measuring 
DC voltages in this project), 

a. Establish a 0 volts DC reierence for ^'A" Channel on the bottom line of the 
oscilloscope, and 0 volts DC reference for "B" Channel on the center line* 
Connect "A" Channel probe to TP 3 and '^B" Channel probe to TP5* Read and 
record the amplitude of the signal at each test point* 

TP3 , V nt* 

TPS . V He* 

b. Read and record thb pulse recurrence time (PRT) of the tri(?^er signal 
appearing at tP3, Calculate and record the PRF. 

PRT N. milliseconds 

PRF . . H2 
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Draw the signal appearing at TP3 and TPS on Chart 5 below* {NOTE: Draw 
the first trigger pulse (TP3) at the *5 milliseconds line,) 



Tp-3 : 

Volt5,+.i 
AmplituJe 0.% 



TP-5 
Volts -t- 



u 

o.' 
a 



t« to xo 4-» $-9 f4 ^ r.d in, 

Time irr\illt5eco)r»ds 



t.o 3L^ to f:o to to U t2 f3 

Ti me sfec o nti S 



Chart 5 



d* Move ^'B" Channel probe to TP4, an<^ draw the signal appearing there on the 
chart below* 



• 1*0 W >0 T* " 

Time r^»U*s^c^>Js 
Chart 6 

e* Move ^'B'' Channd. probe to- TP6^ and draw the signal appearing there on the 
chart below. 



































































- 




































































































































































































































































































































1 



VO xo . 10 t<> 7.K> $0 
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Chart 7 
25 



10 Jo n tz /3 



257 



LABORATORY EXERCISE 



f. Move '*B" Channel probe to TP7, and draw the signal appearing there on the 
chart below. 



'TP-1 







■ 1 


1 — 
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Chart 8 

g. Underline the correct response to the following statements: 

(1) When thetrlgger is appUed to the base of Q2, Q2 is driven into 
(saturation, cutoff) and QNyis driven into (cutoff, saturation). 

(2) \The PRT of the output signal Is being controlled by the (trigger 
PRT, value of R5 and C3), 

(3) TheN^equency of the multivibrator is (the same as, one-half) 
the frequency of the trigger, 

(4) During the time the voltage on the base of Q3 is negative, Q3 is 
(saturated, cutoff) and Q2 is (saturated, ci^off). 

(5) The signals on the collectors of Q2 and Q3 are (in, 180 degrees 
out of) phase with each other, 

(6) The signals on the bases of Q2 (TP5>- and Q3 (TP6) are (in, 
180 degrees out of) phase with each other. 

(7) The signal on the base of Q2 (TP5) is (in, 180 degrees out Df) 
phase with the signal on the collector of Q3 (TP7), 

h. Refer to chart and read and record the pulse width and rest time of the signal 
at TP7, (NOTE: Consider the negative going pulse as rest time, and the 
positive going pulse as pulse width.) ^ 



Rest Tirae 



Pulse Width 



milliseconds, 
milliseconds. 
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i. Consult your lootnictor and have hltr Insert trouble number one^ 

1^ Using "B'' Channel probe, read the rest time (negative going) and pulse widtti 
(positive going) of tbe signal at TP7, and record below^ 

Rest Time milliseconds^ 

Pulse Widtti ^ milliseconds^ 

Underline the correct response to the foUo^ng statements: 

(1) Cutoff time of Q3 has (increased, decreased) and cutoff time of Q2 has 
(Increased, decreased)^ 

(2) The pulse width (positive going portion of signal) at TP7 has (increased, 

decreased)^ 

(3) A trouble that could possibly cause the above symptom is that: 
- (a) the trigger frequency has increased^ 

(b) the trigger frequency has decrased^ 

(c) R5 trns increased^ 

(d) R5 has decreased* 

k. Consult your instructor and have him remove trouble number one and insert 
trouble number two. 

, 1* Move sync lead to TP3*^ Leave "A" Channel probe In TPS, and use "B" 
Channel probe to chetk the amplitude of the voltage at TP4, TP6, and TP^* 
Record the results below: 

TP4 — I ^ volts DC- 

Tpe,^ ^ volts DC* 

TP7^ volts I>C. 

m^ Underline the correct response to the following statements: 

(1) Vq of Q2 Is equal to (0 volts, V^^^ ,and Vc of Q3 is equal to (pear zero 

volts, Vcc)* 

(2) The malfunction that could cause both of these symptoms is that: 

(a) Q2 is open 

(b) Q3 is open. 

(c) R4 is oj>en. ^ ^ 

(d) R5 is open. 
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n. Consult your instructor and have him remove trouble number two and install 
trouble number three* 

o. Leave '*A" Channel probe in TBS, and use ''B" Channel probe to check the 
amplitude of voltage at TP6 and TPT* Record these voltages below. 

TP6 volts DC. 

TP7 . 'Olts DC, 

P* Underline the correct response to the following statements: 

(1) These voltage values indicate that Q3 is (saturated, cutoff) and that the 
input trigger (Is, is not) causing the multivibrator to switch* 

(2) The malfunction that could cause the above symptoms is that; 

(a) Q3 is open, 

(b) Q2 is shorted* \ 

(c) R5 is open. ^ v 

(d) C3 is shorted. 

Consult your instructor and have him remove trouble number three and insert 
trouble number four* 

r. Leave ''A" Channel probe in TPS, and iiae "B" Channel probe to check the 
voltage amplitude at TP4, TP6, and TP7. Record these values below* 

^P4 volts DC. 

TP6 volts DC* 

TP7 volts DC. 

3. Underline the correct response to the following statements; 

(1) Yq of Q2 is (Ovolts, high) and Vc of Q3 is (Qvolts, high)* 

(2) The malfunction that could cause these symptoms is that: 

(a) Q3 is shorted. 

(b) Q3 is open* 

(c) R5 is open* 

(d) R4 is open* 

, 2R0 



LABORATORY KXERCISE 
t. Summary: Underline the correct respoiise to the following iitatcruonta: 

(1) The PRT of a monostable multivibrator is the same as the input trigger 
PRT, (True, Fulse) 

(2) Pulse width of the monostable multivibrator used in tiiis project is con* 
trolled by tl;* (input trigger, yalue of R5 and C^O* 

(3) An input trigger causes Q2 to (cutoff, saturate) and Q3 to (cutoff, saturate). 

(4) Capacitor C3 starts to (charge, discharge) wiien the trigger is applied 

toQ2, 

(5) During the discharge of C3, Q3 is held at (cutoff, saturation). 

(6) When C2 is open, Q2 remains (saturated, cutoff) and Q3 temains (s^.turatod, 

cutoff), 

(7) Zero volts on the collector of Q2 can be caused by an open (Q2, R4)> 

(8) Shorting C3 causes the forward? bias on Q3 to (increase, decrease), 
keeping Q3 in a (cutoff, conducting) state, 

(9) Shorting Q3 causes its collector voltage to be equal to 0 volts, V^^)- 
(10) A sqiiare wave output can be taken from either or both of the (collectors, 

bases) of Q2 and Q3, and the signals will be (in, ISO degrees out of) phase with each other. 
CONFIRM YOUR RESPONSES BEGINNING ON THE NEXT EVEN NUMBERED PAGE, 
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LABORATORY EXERCISE 



ANSWERS TO LABORATORY EXERCI^; 

3, a) TPS 1,6 Vpik 
TPS ,7 Vpk 

b) PRT 2.25 milliseconds 
PRF 444 Hz 

c) 



TP3 
(trigger) 

Amplitude 



f.3 
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14> no %jo 

TIME (milliseconde) 



TP5 

Volts + 
Amplitude 
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TIKE (milliseconds) 



TP4 

(Collector 02) 

Volts+ 
Antpi^itude 
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TDffi (mlllifleconds) 
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LABORATORY EXERCISE 



3. (continued) 
e) 



TP6 

Volta+ 
Amplitude 
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1*0 3« 1^ 4*0 Swc 

TIMS (oiilXid^onda) 



^.o to 



TP? 

(Collector '^3) 
Amplitude 
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TINE (miUisecondd} 



g) 1. saturation, cutoff. 
2. trigger PRT 

3* the Same as. 
4* cutoff, saturated. 
5. 180 degrees out of« 
6* 180 degrees out of* 
7* in* 

h) Pulse width milliseconds. 
Rest Time 1.35 milliseconds 

\) Pulse width 1.4 milliseconds. 
Rest Time .8 miUiseconds. 

1« increased, decreased* 

2. increased 

3« c*R5 has increased. 
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LABORATORY EXERCISE 



1. 0 volts DC. 

TP6 .6 volts DC. 
TP7 .1 volts DC. 

m. 1. 0 volts, near zero volts. 
2. C-R4 is open. 

o. TP6 .8 volts DC. 
TP7 .02 volts DC. 

p. 1. saturated, is not. 
2. b-Q2 Is sliorted. 

r. TP4 4 volts DC. 
TP6 .6 volts DC. 
TP7 0 volts DC. 



1. 


high^ 0 volts. 


2. 


Q3 is shorted. 


1. 


True. 


2. 


Value of R5 and C3. 


3. 


saturate, cutoff. 


4. 


dlschai^e. 


5. 


cittofi. 


6. 


cutoff, saturated. 


7. 


R4. 


8. 


Increase, coaducting. 


S. 


0 volts. 


10. 


collectors, 180 degrees out of. 



If your response to ANY of the statements Is wrong, or, il ANY ol your measurements 
are more tban 10% different from those given, go back and repeat tb^ portion of the lab 
project. If necessary, review the referenced text lor clarification. Your instructor will 
assist if needed. 



CONSULT YOUR INSTRUCTOR FOR CRITERION CHECK. 

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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MODULE SELF-CHECK 



SOLID STATE MULTmSRATORS 
Questions 1 thru 4, refer to Figure 12 and Chart 5. 

+V 



Rl 





;R2 r3: 




\ 













R4 



T 



Q2 



'CC: 
OV- 

ov- 

-V- 

OV- 




ov — \ 

I 

I 

-V - - 



TO Tl T2- T3 

REP4*'1B58 

Charts 



Figure 12 

1, The circuit In Figure 12 Is correctly Identified as a (triggered, free-running) (astable, 
monostable, bistable) multivibrator* 

2, Given; The waveforn) labeled "A" on Chart 9 is the signal from the collector of Q2, 
Match the remaining waveforms to the proper element ofthe Figure 12 transistors. 

Collector Ql 

Base Ql i 

Base Q2 

3, Increasing the value of R2 or CI would cause (Qlj Q2) to be cutoff longer, and (Ql, Q2) 
to be saturated longer, 

4, Given; Vq Ql and Vq Q2 are very low, and they remain at the same value, A possible 
trouble is 

a* R2 open, 

b* CI open, 

c, R3 open, 

d, Q2 open. 
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MODULE SELF-CHECK 



Questions 5 thru 7, refer to Figure 13 and Chart 10, 




:r2 



1 "1t" ■ 



R3" 




C3 L 



T 6 
TRIGGE!? INPUT 
1 



:r6 



Figure 13 




iKPUT TpiOGi 
V 



Chart 10 

5, The circuit in Figure 13 is correctly identified as a (triggered, free-running) (Astable, 
Monostable, Bistable) multivibrator, 

6, The purpose of using input triggers to this circuit is to 
a, increase pulse width, 

b. decrease pulse width, 

C- impajr frequency stability, 

d, improve frequency stability. 



7, On Chart 6, the time from TltoT3 is called 



; this time is contjroUed by the (trigger frequency, RC Time Constants), 

Questions 8 through 12, refer to Figure 14 and Chai^ 11, 





Figure 14 



ChJirt 11 



ERIC 



34 



266 



MODULE SELF-CHECK 

8, The circuit in Figurel4iscorrectlyldentifiedas a (triggered astable, monostable, bistable) 
multivibrator, 

9* Before triggers are appUed, (Ql, Q2) reroains cutoff and (Ql, Q2) remains saturated- 
10, On Chartll,the width of the output pulse (Ti to T2) is controlled by the 
a- amplitude of the input trigger, 

b, frequency of the input trigger, 

c, values of C2 and R2, 

values of CI and R5, 

XI. Increasing the PRT of the inprtrt triggers would cause (an increase, a decrease, no change) 

in output frequency, and (an increase, a decrease, no change) in output pulse width, 

1 2. In order to make the ouput pulse width of this circuit manually variable, it is necessary 
to replace 

a, R2 with a potentiometer, 

b, CI with a variable capacitor, 

c, R3 with a potentiometer, 

d, the trigger circuit. 



Questions 13 thru 18, refer to Figure 15 and Chart 12, 













R6 < 


*' \A/Vrf V 

J9K \ 


y WV^^ 




R7 

2.2K 



INPUT 

1 



:r4 



7 r 



01 -'-'^ 



I I 



r 
r 



( 








; 

\ 

*2v 

02 

_ n.7v 


I 






1 



L 



Figure 15 



Chart 12 
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MODULE SELF-CHECK 

13. Application of tbeinputtrlggersignalto(onlyone, both) transistors, and a common (emitter, 
collector), resistor, identifies this circuit as a/ an (astable, monostable, bistable) raultivibrator, 

14- The input trigger frequency to this circuit is (1/2, twice) the output frequency, and the 
input trigger PRT is (1/2, twice) the output signal PRT, 

15- The input trigger frequency to this circuit controls (only the output frequency, only trus 
O'ltput pulse width, both output frequency and output pulse width). 



16* Symptom: Ql » V^^ Q2 = V^^* A possible trouble is 

a- Q2 shorted* 

b- Ql open- 

C- C2 shorted* 



, d- r4 open- 



17, SymptoTT^i Each negative input trigger causes a positive trigger on the collector of Ql, 
and a negative trigger on the collector (rf Q2- A possible trouble is 

a. R3 open. 

b- CI open* 

c* R2 open* 

d* C2 open- 

j 8. Forward bias on Q** could be reduced to 0 by an open 

a- r5- 

b- R2* 

c* R6- 

d- R3- 



36 



ERLC 



Questions IS through 25, refer to Figure 16 



Input 




MODULE SELF-CHECK 



CC 



TO T.l 



Figure i6 

i9. The two major purposes of the Schmitt Trigger are wave 
level ■ . 



and voltage 



20. Before the Input signal is applied to the figure 16 circuit, Ql is (cutoff, saturated) and Q2 
is (cutoff, saturated). 

21. At TO of the input signal, Ql is driven into (cutoff, saturation), and VCQ2 goes to (-VCC, 0) 
volts. 

22. The purpose of CI is to prevent {high, low) frequency distortion in the output signal. 

23. Symptoms: VCQl equals -VCC; VCQ2 very nearly equals zero volts. A possible trouble is 

a. Ql open. 

— : — b. Ri open. 

c. ,C1 shorted. 

d. all of the alx>ve. 



24. Symptom: VCQ2 very.nearly equals VCC. A possible trouble is 

a. Rl open. 

b. b4 open. 

c. CI shorted. 

d. R6 open. 

2&. Symptom: Output signal shows high frequency distortion. A possible trouble is that 
a. CI is shorted. 

b. the input signal has high frequency dlotortion. 

c. CI is open. 

^d. Q2 is semi-saturated. 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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MODULE SELF-CHECK 



ANSWERS TO MODULE SELF-CHECK. 








2 Collector Ol C 
Base Ql B 
Base Q2 D 




3. Ql, Q2. 




4. b. CI open* 




5. triggered, astable 




6. Improve frequency stability* 




7. pulse recurrence time, trigger frequency 




8. Monostable 




9. Q1,Q2 




10* c. values of C2 and B2* 




11 « a decrease, no change 




12. a. B2 DVlth a potentiometer* 




13. both, emitter, bistable. 




14. twice, 1/2 




15. both output frequency and output pulse width 




16. d« e4 open. 




17* a. B6 open* 




18* b. B2. 




19. shaping, sensing. 




20. cutoff, saturated* 




21 . saturation, -VCC* 




22. high. 




23. d 




24. b 




25. c. 

11 





HAVE YOU ANSWEBED ALL OF THE QUESTIONS COBBECTLY? IF NOT, REVIEW THE 
MATEBIAL OB STUDY ANOTHER BESOURCE UNTIL YOU CAN ANSWEB ALL QUESTIONS 
COBBECTLY. IF YOU HAV^ CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION* 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACJEL, 



MODULE 48 

SOLID STATE SAWTOOTH GENERATORS 

This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course* This Guidance Package contains specific information, including ref- 
erences to other resources you may study, enabling you to satisfy the learnii^ objectives. 



CONTENTS 



Title " Page 

Ov^jrvlev 1 

List of Resources i 

Adjunct Guide 1 

Laboratory Exercise 4 

Module SeU-Check 8 

Answers 10 



OVERVIEW 

1, SCOPE: Certain applications in elec^ 
tronics, such as cattuxle ray tube deflection, 
require voltages that are neither square nor 
sinusoidal in shape. One such waveshape Is 
the sawtooth. In this module you will learn 
how this signal is produced* Depth of cover* 
age will be such that you should also be able 
to determine frequency and aiqplitude of the 
output signal^ the methods used to produce a 
linear output, and logical {Procedures for 
troubleshooting* x 

2. OBJECTIVES: Upon completion of this 
module you should be able to satisfy the fol- 
lowing objectives* 

a. Given the schematic diagram of a 
sawtooth generator and a list of statements, 
select the statement thatdescrlbes the effects 
on output linearity wlien time constants^ 
applied voltage, and Input gate duration are 
changed. 



b« Given a trainer having a semicon- 
ductor sawtooth generator circuit, 
multimeter, and oscilloscope, measure the 
output amplitude and rise time within ±10 
percent accuracy* 

c. Given a trainer with a malfunctioning 
sawtooth generator circuit, a schematic dia- 
gram, multimeter, and oscilloscope, 
determine tile faulty component two out of 
three times. / 

I 

LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, iny or all of 
the following. 

READING MATERIALS; 
Digest 

Adjunct Guide with Student Text VI 



Supersedes KEP-GP-48, dated December ltf75* 



AUDIOVISUALS: 

TelevJlslon Lesson 30-817, Unijunction 
Sawtooth Cjenerator 

LABORATORY EXERCISE: 

Laboratory Exercise 48-1^ Solid State 
Sawtooth Generators 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ABE FAMILIAR WITH THIS 
SUBJECT, YOU MAY TAKE THE MODULE 
SELF-CHECK. IF NOT, SELECT ONE OF 
THE RESOURCES AND BEGIN STUDY. 




REP4''14B0 



Figure 48-1 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



2. Refer to figure 48- 1 and match the terms 
in column A to the Information in column B. 



ADJUNCT GUrbE 












A 




B 




INSTRUCTIONS: 












(1) 


Linear Slope 


a. 


B to C 


Study the leferencedmaterialsas directed. 












(2) 


Sweep Time^ 


b. 


TO to Tl 


Return to this guide and answer the 










questions. 


(3) 


PRT 


c. 


Tl to T2 


confirm your answers against the answers 


(4) 


Fall Time 


d. 


TO to T2 


at the back of this Guidance Package. 












i5) 


Electrical Length 


e. 


A to B 


Contact your instructor if you experience 










any difficulty.. 


(6) 


Amplitude 






Begin the program^ 


(7) 


Physical Length 







A. Turn to Student Text, Volume VI^ and 
study paragraphs 6-1 through 6-9. Return 
to this page and answer the following 
statements/ questions.. 

1. For an RC circuit to produce a linear 
output across the capacitor, voltage across 
the capacitor must aot be allowed to attain 



a value ia excess of 
voltage.' 



of^the applied 



CONFIRM YOUR ANSWERS, 



B. Turn to Student Text, Volume VI, and 
stu<^ paragraphs 6-10 through 6^22. Retura 
to this page and respond to the following 
statements/ questions. 



^20 V 
Q 




Figure 48-2 



For questions 1 through 9 refer to figure 
48-2 as necessary. 

1. The output waveform (Part B) the 
figure, 48-2, circuit could be Observed on the 
(emitter) (Base 1) (Base 2) of the unijuDCtioa 
transistor. 

2. The valley point of the output waveform 
(Part B) is represented by the letter (B) (C) 
and the peak point is represented by the 
letter (B) (C). 

3. The charge path for capacitor CI is 
thro'igh (Rl) (Ql) to V^q; its discharge 
path is through (Rl and V^c) 'Ql). 

4. When CI is charging the emitte^^^ to base 
(Bl) resistance is (low) (high) t>ecause the 
unijunction transistor is (reverse) (forward) 
biased. 

5( Linearity of the output signal from the 
figure 48*2 circuit could be improved by 
disconnecting Rl from the +20 volts and 
connecting it to a (higher) (lower) voltage. 

6. The PRF of the output signal is Hz. 

?• The output waveform is (linear) 
(nonlinear) because Ci charges to (more) 
(less) than 10 percent oi the applied voltage 
t>efore the emitter to t>ase (Bl) junction 
becomes forward biased. 



8. Output frequency is controlled by the 
value of (Rl and CI) (applied voltage), and 
amplitude is controlled by the value of 
(Rl and Cl) (applied voltage). 

9. In Order to attain a more st£t)le output 
frequency, the figure 48-2 circuit could be 
slightly mojdifled and the frequency con- 
trolled by applying a negative trigger to 
the (emitter) (Base 2) element. 



CONFIRM YOUR ANSWERS. 



C, Turn to Student Text, Volume VI, and 
study paragraphs 6-23 through 6^-37. Return 
to this page and answer the following state- 
ments/questions. 

For questions'l through 9 refer to figure 
48*3 aiitf figure 48-^4 as necessary. 

1. Before the Input e:ate is applied to the 
transistor sawtooth' generator (figure 48-3), 
Ql is biased near (cutoff) (saturation). After 
the input is applied, the (positive) (negative) 
going portion of the input gate (saturates) 
(cuts otl) Ql, and Cl starts to charge. 

?. Wtien the input gate -goes (positive) 
(negative), Ql is again (saturated) (cut off), 
and CI t>eglns to discharge. 
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-V — _, 










3/ 



Figure 48-3 



3« The output frequency is controlled by 
the (input signal) (size of Cl and 



4^ Frequency of the output from the fig:ure 

48-3 sawtooth generator is Hz* 

5* Using the formula: 



% charge = ^g"^^ '/^"^'^ x 100 
CC ' Cmin 



and information from figures 48-3 and 48-4, 
calculate the percenta^^e oi Vqq that Cl is 
allowed to charge* 



% charge =: 



6. The sawtooth output from figure 48-3 
is (linear) (nonlinear); increasing the width 
of the positive going input gate (TO to Tl) 
would (improve) (impair) the linearity. 



-X ' 






— - " 1 

1 — 1 

1 ^^^^^^^ 1 



L 


\ ! 

1 

_L_„_-:__J 


1 



Figure 48-4 



7* The output linearity from the figure 
48^3 sawtooth generator could be improved 
by 

a. replacing Cl with a larger capacitor* 

b. replacing B2 with a larger resistor. 

c. decreasing the width of Input gate 
from TO to Tl. 

d* all of the above* 

8* Ah oscilloscope connectedfrom collector 
to ground displays zero volts* The i:^)ut 
gate is normal* A possible trouble is 

a* Bl open. 

b. Ql open. 

c. B2 aborted* 

d* Cl shorted. 

9* Given the Information in figures 48*3 
and 48-4^ if the positive input gate is 
removed^ a multimeter connected from the 
collector to ground would indicate 
approxinately 

. a* 0 volts. 

b* -4.25 vclts. 

c* -2.5 volts. 

*d. -20 volts* 
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CONFIRM YOUR ANSWERS 



CAUTION; OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND 
RINGS. 



D. Turn to Laboratory Exercise 48-1. This 
exercise will enable you to prove the prin* 
ciples ol unijunction and transistor sawtooth 
generators. Too, you will continue to 
practice the use of the oscilloscope and 
multimeter as an aid to circuit checking 
and troubleshooting. 



PROCEDURES; 



1. Equipment preparation 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 



a. Oscilloscope 
Controls 



Position 



LABORATORY EXERCISE 48-1 
OBJECTIVES: 

1. Given a trainer having a semiconductor 
sawtooth generator circuit, multimeter and 
oscilloscope, measure the output amplitude 
and rise time within ±10 percent accuracy. 

2. Given a trainer with a maUunctloolng 
sawtooth generator circuit, a schematic dia- 
gram, multimeter, and oscilloscope^ 
determine the faulty component two out of 
three times. 



EQUIPMENT: 

1. Sweep Generator Trainer (PD5932) 

2. Oscilloscope 

3. Multimeter 

4. Transistor Circuit Power Supply 
(DD4885} 



REFERENCE: 



Stiident Text, Volume 6, paragr^hs Q^l 
through 6*29 



POWER ON 

CHI Vertical Pos. ON 

CH2 Vertical Pos. ON 

CHOP- ALT ALT 

SEPARATE * SEPARATE 

CHI & CH2 

AC-GND-DC DC 

AC-GND*DC DC 

VOLTS/CM CHI 2 CAL (chang© 

as required) 

VOLTS/CM CH2 2 CAL {change 

as required) 

TIME/CM 0.5 mfl CaL 

TRIG SELECT EXT + 

LEVEL AUTO 

PULL XIO MAG Push in (normal) 

FOCUS & Acyust for clear 

INTENSITY presentation 



b. Trainer 



NOTE: You MrtLL NOT, at any time, open 
the hinged panel on the back of the trainer. 



(IJ 31 toRll 
^ (2J 82 to C5 
(3) 34 UP 



* 27r> 



3^0 



Re 

9.9lt 



TPli 



TP9 
ftIO 



Rll 



-^TPllW ' 






TP12 


.01 


^ 1 



Ri9 



S4 



Figure 48-5 



c. Interconnections 

(I) Connect power 
with power cable. 



stqpply to trainer 



(2) Ground oscilloscope to trainer at 
TP13* 

(3) Connect EXT TRIG input to TPS. 
d* Power a^ply 

(1) ON/OFF 
Switcb ON 

(2) VOLTS ADJ Adjust foi* 25 volts (use 

built in meter)* 

2. Trainer Analysis (see fig* 48-5) 

Ql, and its associated components 
comprise a \iniJunctlon trigger generator* 
The trigger irom Bl of the unijuncUcn 
transistoi is used to key a monostable 
multivibrator (Q2 and Q3)* The square wave 
output from the monostable multivibrator is 
used for gating the transisior 'saittGOth 
generator (Q4) on and off* Various combina- 
tions oi resistance and capacitance can be 



switched into the circuit to illustrate the 
effect that the changing of ttiese values have 
on circuit linearity, rise ..time (electrical 
length), and amplitude (physical length)* Pro- 
visions are also made for simple 
troubleshooting* 



3. Activity 

NOTE: For this project, the oscilloscope 
Is used for measuring DC voltages* There^ 
fore, it is recommended that you review Lab 
Project 20-3 (Module 20) before continuing. 

a. Establish 0 volts DC reference for CHl 
on second line from top of oscilloscope* 
Establish 0 volts DC reference for CH2 
on bottom line of oscilloscope* 

b* Connect CHI probe to TP3. Determine 
the amplitude of the signal and record 



TP3 



volts pik. 
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(TRIGGER' 

TP-.-) 
VOLTS + 
AMPLITUDE 



23 
2.0 
1 5 
1.0 
.5 
0 



X 



1.0 



5,0 



TIME MILLISECONDS 



20 

(GATE) 

VOLTS + 
AMPLITUDE 3 



IjO 2.0 3 JO J JO 
TIME MILLISECONDS 



SjO 



2^ 

TRANSISTOR,. 
SAWTOOTH 

TP-n. 
VOLTS t 
AMPLITUDE 



1.0 



li) 2J0 3j0 40 Si) 
TIME MILLISECONDS 



Figure 48-6 



c. Draw the sigaal a.p(pe^ing at TP3 on 
figure 4e-6A. 

d. lifiaving CHI probe In TPS, connect 
CH2 probe to TP10« Brav the signal appear*^ 
Ing at TPIO on figure 48-68* 

e* Move CH2 probe to TPll; draw tms 
signal on figure 48-6C, 

f« Underline ihe-correct response to the 
following statements: 

(1) The PRT of the output signal from 
the transistor sawtooth generator (TPll) 
is (longer than) (shorter than) (the same as) 
the PRT of the unijunction trigger generator 
(TP3). 

(2) The rise time of the translator 
sawtooth signal is determined by the width 



of the (positive going) (negative going) gate 
at TPlO. 

(3) m order for a sawtooth signal to 
be developed at TPll, Q4 must be (saturated) 
(cu^ off) by the incoming signal, allowing 
C5 to (charge) (discharge) through (Rll) 
(Q4). 

(4) The signal at TPll is (Unear) 
(nonlinear) because the capacitor charged 
to (more) (l^sfl) 10 Percent of Vcc* 

(5) The time constant of C5 and Bll 
is (loog) (short), causing C5 to charge 
(rajjidly) (slowly) during thetimeQ4^.s cut off. 

g* Refer to figure 48*6 and determine 
the value of the following sawtooth terms. 
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(1) Rise time or 
Sweep time 



ms 



volts 



(2) Amplitude 

(3) PBT ms 

h« Change SI to the BIO position, and S2 
to the C6 position. Using CH2 probe, measure 
the amplitude, PBT, and sweep time of the 
signal at TPll, and record in the spaces 
below. Set Volts/CM CH2 to 5V* 



Amplitude 
PBT 

Sweep time 



volts 



milliseconds, 
milliseconds. 



i. Underline the correct response to the 
following statements: 

(1) BIO is (more) (less) than Bll, s^d 
C6 is (more) (less) than C5, causing a 
(longer) (shorter) time constant. 

(2) The sawtooth signal at TPll is 
(linear) (nonlinear) because C6 is charging to 
(more) (less) than 10 percent of Vcc* 

(3) Changing the BC time constant caused 
(an increase) (a decreas«%^. (no change) in 
amplitude. 

Betum SI to Bll and S2 to C5. Consult 
your instructor and have him Insert trouble 
number i (S8). 

k. Leaving CHI prot)e in TP3, use CH2 
probe to recheck the signals at TPIO and 
T PI 1 . Com pare the signals obse rved to 
those recorded in figure 48-6. Underline 
the correct response to the following 
statements. 

(1) The signal appearing at (TPIO) 
(TPll) shows very liUle change, while the 
voltage at (TPIO) (TPll) has 'increased) 
(decreased) greatly. 

(2) These values indicate that 



(a) 
(b) 
(c) 
(d) 



Q4 is shorted. 
Q4 is open* 
Bll is open* 
C5 is shorted. 



1* Consult your instructor, and have him 
remove trouble number one and insert trouble 
number 2 (Sll), 

m. Leaving CHI probe in TP3, use CH? 
probe to recheck the signals at TPIO and 
TPll. Compare the signals to those re^ 
corded in figure 4^-6. Underline the correct 
response to the following statements. Beset 
f Al Volts/CM switch as required. 

(1) The signal appearing at (TPIO) 
(TPll) shows very little change, while the 
voltage at (TPIO) (TPll) lias (increased) 
(decreased) to (0 volts) (nearly Vcc)* 

(2) These values indicate that 

(a) Q4 is open. 

■ (b) Bll is shorted. 

^ (c) C5 is open. 

— (d) C5 is shorted. 



n. Consult your instructor and have tiim 
remove trouble number two and insert trouble 
number three (SS)* 

o. Leave CHI connected to TP3 and use CH2 
to recheck the signals at TPIO and TPll. 
Beset CH2 VOLTS/CM switch as required. 
Compare the signals with those recorded on 
figure 48*6. Complete the following sts^tements: 

(1) The signal appearing at (TPIO) 
(TPll) decreased to zero and the voltage 
at (TPIO) (TPll) increased greatly. 

(2) These valuse indicate that 



(a) 
(b) 
(c) 



Q4 is open 
C5 is shorted 
Bll is open 
Q3 is shorted 



p- Summary: Underline the correct 
response 1c Khe following statements. 

(1) The (negative) {positive)goingoutput 
from Q3 causes Q4 to cut off. 

(2) During the time that Q4 is (saturated) 
(cut off), C5 charges through Bll. 

(3) The length of time that C5 is allowed 
to charge is determined by the (amplitude) 
(width) of the input gate. 
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(4) Increasing the width ol the Input 
sate would cause electrical length and 
physical length ':o (increase) (decrease), 
and linearity to be (improved) (impaired). 

(5) The amplitude oi the transistor saw- 
tooth was (increases") (decreased) when the 
values of resistance and capacitance were 
decreased^ becau£^ the capacitor charged 
(more) (less) while Q4 was (cut oft) 
(saturated).^ 

(6) Decreasing the values of resi/}tance 
and capacitance associated ^th the tran- 
sistor sawtcx>th generator caused linearity 
to be (improved) (impaired^ becauaa the RC 
time constant was (increased) (decreased) 
allowing the capacitor to chaise to (more) 
(less) than 10 percent of '^cc* 

(7) An open collector load causes the 
voltage across ttie transistor to be equal to 
(Vcc) (0 

(8) Shorting the capacitor associated 
with a transistor sawtooth generator causes 
the output voltage to be equal to (Vcc) 
(0 volts). 

CONFIRM YOUB RESPONSES ONTHE BACK; 
PAGES. 

CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 



MODULE SELF-CHECK 
Questions 1 through 14 refer to figure 48^7. 



Match the following terms (phrases) to 
the lettf^rs in figure 48- 7B, 



Turms 



Letters on 
Figure 48-73 



.2. 

4. 
5. 



Sawtooth 
Amplitude 

Peak 

Fal2 Time 

PRT 
Valley 



a. 


A to B 


b. 


C to D 


c. 


G 


d. 


H 


e. 


E to F 


L 


A toD 



^6. Physical 

Length 

7. CI Discharge Time 

8. Slope 

9. Rise Time 

10. Electrical Length 

H. The circuit in figure 48-7 A is correctly 



identified as a 
generator. 



12. CI is (charging) (disctiarging) while the 
emitter to Bl junction is reverse biased* 
and is (charging) (discharging) when the 
emitter to Bl junction becomes forward 
biased. 




OUTPUT 




— F 



T — I — — i — I — I — I — \ 

2S so 7S 100 12S ISC 17S 200 22S 2S0 
MICROSECONDS 



B 



REP4'1481 



Figure 48-7 



3^^ 



(Given: The sawtooth wave showti in figure 
48-7 is the output from the circuit.) 



13. The ciro^U is producing a (linear) (non* 
linear) sawtooth, because the capacitor 
charges to (more than) (less than) lOpercent 
of the applied voltage* 

14. A method of improving linearity of the 
sawtooth output is to return Bl to a (higaer) 
(lower) positive voltage than is applied to BZ* 



Questions 15 through 17 refer to figure 
48-8. 

(Given: Figure 48-8B re^resentstheoutput 
signal from the circuit.) 



16. Amplitude of th^ sawtooth signal ia 
(500 microseconds) (1« /5 volts) and the 
rise time is (500 microseconds) (1.75 volts). 



17. Decreasing the width of the positive 
going input gate will cau^se: 

a. physical length to increase. 

b. electrical length to increase, 
c* a decrease in linearity. 

d. an improvement in linearity. 



15. A sawtooth output signal is produced 
when the (positive) (negative) going input 
gate causes Ql to (cut off) (saturate). 



CONFIRM YOUR ANSWERS- 



700 LfS 



JNPUT 
GATE > 




OUTPUT 



INPUT 



CO, ' 



-500 JjS- 



.500 
US 




Figure 48-8 
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ANSWERS TO A: 

K 10 percent 
2. (1) e 

(2) b 

(3) d 

(4) c 

(5) b 

(6) a 

(7) a 

If you missed ASHY questions, review the 
material before you continue. 



ANSWERS TO B; 

1. ejaitter 

2. C, B 

3. HI, Ql 

4. high, reverse 
higher 

6. 40 Hz 

7* nonlineart more 

8« Rl and CI, applied voltage 

9. Base 2 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO C: 

1. saturation, positive, cuts off 

2. negative, saturated 

3. input signal 

4. 1,428 Hz 

5. 10 percent 

6* linear, impair 

7. d 

8. d 
9* c 

If you missed ANY questions, review the 
material before ycu continue. 



ANSWERS TO LABORATORY EXERCISE; 
3. 

b. TP3 1,7 volts pk. 

2&2 



2.S 
2S) 

(TRIGGER) , , 
TP-3 ' ^ 
VOLTS + I J) 
AMPLITUDE ^ 













































































































A 





2.0 



VOLTS + IJO 
AMPLITUDE 



IJ) 2J) 3i) 4J) SJ) 
TIME MILLISECONDS 



1 



li) 2.0 3 JO 4.0 5.0 
TIME MILLISECONDS 



2J) 



TRANSISTOR 
SAWTOOTH 
TP-n IJO 
VOLTS > ^ 
AMPLITUDE 

0 



(L) the sajne as 

(2) 1.3, negative going 

(3) cutoff, charge, RU 

(4) linear, less 
(5^ long, slowly 

(1) Rise time - 1.3 ms 

(2) Electrical length 1.3 ms 

(3) Physical length - 0.6 volt DC 

(4) PUT - 2.25 nis 

Amplitude - 12 volts pk 
F:;T - 2.25 ms 
Sweep tir^e - 1.3 ms 



LO 2.0 3.0 4i) Si) 
TIME MILLISECONDS 

Figure 48-6 

i.^ (1) lesf!, less, shorter 

(2) nonlinear, more 

(3) an increase 

(1) TPlO, TPll, increased 

(2) (b) Q4 is open. 

m. (1) TPlOp^PU^ decreased, 0 volts. 

(2) (d) C5 is shorted. 

o. (1) TPlO, TPll 

(2) (d) Q3 is shorted. 
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Pj|,'a '(^l)* negative 
(2) cut off 



9. a. 



10. a 



(3) width 



li, unijuncUon sawtooth 



(4) increase, impaired 



12* charging, discharging 



(5) increased, more, cut off 



13. nonlinear, more than 



(6) Impaired, decreased, more 



14* higher 



(7) 0 volts 

(8) 0 volts 



15, positive, cut off 



16, 1*75 volts, 500 microseconds 



If your response to ANY of the statements 
is wrong, or if ANY of your measurements 
are more than 10 percent different, go back 
and repeat that portion of the project If 
necessary, review the referenced text 
material for clarification. Your Instructor 
will assist if needed. 
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ANSWERS TO IIODULE SELF-CHECK: 
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1. e 

2. c 

3. b 

4. f 

5. d 

6. e 

7. b 

8. a 



4- 
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HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IT NOT, 
REVIEW ,THE MATERIAL UNTIL YOO 
CAN ANSWER ALL QUESTIONS COR- 
RECTLY. IF YOU HAVE, CONSULT 
YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTIONS. 
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Radar Principles Branch ATC GP 3AQR3X020-X 

Keesler Air Force Base^ Mississippi KEP-GP'>49 

1 September 1975 

ELECTRONIC PRINCIPLES 

MODULE 49 ^ ^ 

This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contalns^-speclflc Information, Including referencos 
to other resources you may study, enabling you to satisfy the learning objectives* 

CONTENTS 



TITLE 

OverView 

List of Resources 

Adjunct Guide 

Laboratory Exercise 

Module Sell'Check 

Answers. 



OVERVIEW 



K SCOPE: There is very little dif- 
ference in the Trapezoidal Generator and 
the Sawtooth Generator ]rouhave justflnished. 
The trapezoidal wave Is required for linear 
deflection of the electrpn beam of anelectro- 
magnetic cathode ray tube«<¥o^ wlU learn 
how this type of signal Is generated^ the 
actions that can be taken to enisure a linear 
output signal; and basic troubleshooting 
techniques . The laboratory exercise wlU 
reinforce the theories discussed. 

2. OBJECTIVES: Upon completion of this 
module you sliould be able to satisfy the 
following objectives: 

a. Given the schematic diagram of a 
trapezoidal wave generator and a list of 
statements^ select the statement that describes 
tha' effects on output linearity when time 
constants^ applied voltage^ and Input gate 
duration are changed. 



PAGE 

i 
i 
1 
3 
8 
10 



b. Given a trainerhavlngasemiconductor 
trapezoidal ^ave generator circuity multi- 
meter^ and oscilloscope^ measure the output 
amplitude^ rise time, and jumpvoltage within 
+10 percent accuracy. 

c^ Given a trainer with a malfunctioning 
trapezoidal wave generator circuit, a sche- 
.matlc diagram, multimeter, and oscilloscope, 
deterinine tlie faulty* component, two out of 
three times* - ^ " 

LIST OF RESOURCE5^ 

To satisfy the objectives of this module, 
you may choose, according to your training, . 
experience, and preferences, any or all of 
the following: - 

READING MATERIALS: 

Digest 

Programmed Text ' ^ 

Adjunct Guide ydih Student Text VI 

LABORATORY EXERCISE; 

L'aboratory Exercise 49- 1 , SoHd State 
Trapezoidal Generator*^ 



Supersedes KEP-GP-49,' 1 May 1974« Present supplies will be used. 

i ^ i 

" ," 2-86 



"7 



AT THIS POINT, IF .YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAmmO YOU . ARE FAMIUAR WITH, 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Retitrti;' to this guide and answer 
the questions. ^ 

Check your answe rs against the 
answers at the hack-ofthls Guidance Package. 

Contact your instructor 11 you experience 
any difficulty. 



Begin the Program- 



A, Turn to Student Text, Volume VI, and 
study paragraphs ^-36 through 6-57. Return 
to -this page and respond to the following 
Stat em ents/questions . 



1. A trapezoidal voltage waveform is re- 
quired for the deflection (coils) (plates) of a 
cathode ray tube employing (electrostatic) 
(electromagnetic) fields to position the 
electron >beam. 



2. Given the information on figure 49*1, 
match the terms in column ^'A'^ to theinfor* 
mation in column "B"- 



A 

(1) ^T 



(2) Amplitude _ 

(3) Electrical 
Length — 



(4) Jump 
Voltage ^ 

(5) Physical 
Length . 



(6) Linear 
Slope . 



(7) FaU Time , 

(8) Sweep Time ™ 



6 

a. TO to Tl 

h. Tl to T2 

c. TO to T3 

d. A to B 

e. B to C 

f . C to D 




Figure 49-1. Trapezoidal Wave 
1 

r 
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TO 



1_ 



Tl 



T2 




jtSP4'25J2 



Figure 49-*2. Trapezoidal Generator 



For questions 3 through 10^ refer to figures 
49-1 and 49-2* 

3* At TO of the Input gate Ql goes from 
(saturation) (cutoff) to (saturation) (ctttoff); 
the (sawtooth) (JuropJ voltage appears at 
the output^ and C2 begins to (charge) 
(discharge)* 

4. The electrical length of the output from 
the circuit is determined by the (width of 
the negative going Input gate) (width of the 
positive going input gate) (values of 

R3, and C2). 

5. Amplitude of the jump voltage is deter- 
tnlned by the 



a* value of R3 only* 
b. value oi h2 only* 



c. value of V only* 

d. relative value of h2 and R3^ 



and. the amount of V^^* 

6. Output frequency Is determined by the 
(input signal) (values C2 and R3)* 

7. Output linearity could be improved by 
a, decreasing the value of C2. 

^ . b* decreasing the width crfthenega- 



c* decreasing the value of h2* 
d* decreasing V . 



8* An oadUoscope connected between col 
lector and ground indicates a straight line 
very nearly equal to zero volts. A possible 
cause is 



a* HI open> 



b* R3 open* 
c* CI open* 



d. C2 open. 



d. An oscilloscope connected bet*veen col- 
lector and ground dlspla^ys a square wave that 
is 180 degrees out of phase with the input 
gate. A possible cause of this malfimction Is^ 



a* h3 open* 

b. H3 shorted, 

c* Rl open, 

d* Rl shoited* 



tlve going input gate. 



10^ Increasing thewidthof thenegativegolng 
portion of the input -aignal would cause the 
^amplitude of the trapezoidal wave to (increase) 
(decreaBe)t and th^ slope linearity would be 
(improved) (Impaired)* 
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CONFIRM YOUR ANSWERS, 



Turn to Laboratory Exercise 49-1. TWs 
project wJU allow you to prove most of the 
principles you have learned about trapezoidal 
sweep generators. Also, you will continue 
adding to your knowledge d the oscilloscope 
and multimeter used in locating faulty circuit 
components. 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



LABORATORY EXERCISE 49-1 
OBJECTIVES; 

1. Given a trainer having a seniicondUctor 
trapezoidal wave generator circuit, multi- 
meter, and oscilloscope, measure the output 
amplitude, rise time, and jump voltage within 
^.10 percent accuracy. 

2* Given a trainer with a maliunctioni^ie 
trapezoidal wave generator Circuit, a sche- 
matic diagram, multimeter, and osciiloscoP*, 
determine the laulty component two out ol 
three times* 



EQUIPMENT: 



1, Sweep Generator Trainer (DD*5932) 

2, Oscilloscope 

3, Transistor Power Supply (DD-4885) 

4, Multinieter 



REFERENCE: 

Student Text, Volume iv, paragraphs 6-44 
thru 6- 57, 

CAUTION: OBSERVE BOTH PER" 
SONNE L AND EQUIPMENT SAFETY 
RULES AT ALL TIMES. REMOVE 
WATCHES AND RINGS. 



.VROCEDURE^f: 

1. Tralr^r Analysis 

For this project, the trainer will ^ the 
same as lor Lab Project 48-1, except that 
S-4 is opened, changing the trainer from a 
Sawtooth Generator to a Trapezoidal 
Generator. 

2* Equipment Preparation 



a, oscilloscope 
C ontrols 

(1) Power 

(2) MODE 

(3) VOLTS/DIV 



Position 
ON 

Alternate 

f'A" Channel 
.5 Calibrated 
(change as 
rec^uired) 

^'B" Channel 
1 Calibrated 
(change as 
rec^uired) 

Normal, DC (both 
channels) 

,5 msec, cali- 
brated (change as 
rec^uired) 



Auto, Ext, 4* 



(4) POX.AHITY 

(5) TIME/ DIV 



(6) TRIGGER 
SELECTOR 



b. Interconnections 

1, Ground Oscilloscope to trainer at 
TP13. 

2, Connect TriggerlnputolOs^^illoscope 
to TPl* 

3, Connect Power Supply to trainer* 
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c. Trainer 

(NOTE: You WILL NOT, at any time, 
open the hinged panel on back of the 
trainer). 

(1) SI to Rll. 

(2) S2 to C5» 

(3) S3 to R12. 

(4) S4 Down 
Transistor Power Supply 

(1) on/off Switch - ON 

(2) Adjust voltage to 25 volts. (Use 
built-in meter). 

Consult your instructor and let him ensure 
that the trainer is in its normal operating 
condition. 

3. Activity 

(NOTE: The oscilloscope will be used 
for measuring DC voltage in this project. 
It Is recommended that you review Lab 
Project 20-3, Module 20, before continuing.) 



a. Establish 0 volts DC reference for 
''A" channel on the second line from the 
top of the oscilloscope, and 0 volts 
DC reference for "B" channel on the bottom 
line of the oscilloscope. 

b. Connect "A" channel probe to TPIO, 
and ''B" channel probe to TPll. Read the 
following values, andrecordthem in the space 
provided. 



Amplitude TPIO- 

Pulse Width 
(Nee.) TP 10 



Rest Time 
(Pos.) TPIO. 



Pulse Recurrent Time 
(PRT) TPIO 



Amplitude TPll- 

Jump Voltage 
TPll 



Rise Time TP 11. 
PRT TPll 



volts pk. 



milliseconds, 
milliseconds. 



milliseconds* 
^ volts pk. 



volts. 



milliseconds » 
miUiseconds. 



TP-IO 
INPUT 
GATE 
VOLTS + 
AMPLITUDE 



Tp-n 

TRAPE20ID 
SIGNAL 
VOLTS + 
AMPLITUDE 



1.0 
0.8 
0.6 



0.i 
0.3 



TO 

a4 



7J) 
6^ 
5.0 

3,0 
2J0 
T.0 
0 



lio 2*0 To To STB fj^ e.o 

TIME MILLISECONDS 



I JO 2*0 3,0 



4*0 5^ 6*0 7*0 9*0 
TIME MILLISECONDS 



9J0 TO 



Graph 1 



2:J0 



Tr 



IT 



T3 



11 12 13 

BEF4-1532 
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c* Draw the signalP appearing at TP-10 
and TP-?,1 on grapiis provided* (NOTE: 
Start the positive going signal of TP-10 
on the 1 msec line of Graph 10 

d* Underline the correct response to the 
following statements; 

(1) In Order for a trapezoidal wave 
to be produced at TPll, Q4 must be (cutoff, 
saturated) by the (negative, positive) going 
signal from Q3* 

(2) The jump voltage which changes the 
circuit from a sawtooth wave generator to a 
trapezoidal wave generator was caused by 
adding ri2 in (series, parallel) with C5 
and Rll. 

e* Change S3 to the R13 position* Read 
the amplitude of the jump voltage and slope 
time at TPll and record in the space below* 
Underline the correct response to the state- 
ments which follow* 

Jump Voltage volts 

Slope Time miUlseconds* 

(I) The jump voltage amplitude 
(increased, decreased) because R13is(larger, 
smaller) than Rt2* 



(2) The slope time (increaaed, 
decreased, did not change). 



f. Change S2 to the C6 position* Read 
the amplitude of the signal and slope time 
at TPll, and record in the space below* 
Underline the correct response to the state- 
ments which follow* 

Amplitude volts* 

Slope 'Virrsa TV^nHoannnHg 

(1) The signal amplitude (increased, 
decreased, did not change)* 

(2) The slope time (increased, 
decreased, did not change)* 

(3) Linearity was (improved, impaired) 
because C6 is smaller than C5, and charged 
to (more, less) f:han 10% of V^^* 

g* Change S2 to the C5 position and S3 
to the R12 position* Consule your instructor 
and ask him to insert trouble number 1 
(S-12). 
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h. Leave "A" channel probe In TPIO* 
Using ''B" channel probe, check the ampli- 
tude of the signal at TPll. Record the ampli- 
tude oX both signals in the Xcllovdng spaces. 
Draw the signals on Graph 2« 

Amplitude TPIO . volts. 

Amplitude TPll- — volts, 

i. Turn the transistor power supply ON/ 
OFF switch to the OFF position. Using the 
ohmmeter^ cbeckthe resistance between TP12 
and ground. Record the results. 

Pesistance TP12 * Ohms* 



j« Remove the ohmmeter. Turn the 
Transistor Power Supply ON/OFF switch 
to the ON position* Underline the correct 
response to the Xollowing statements: 

(1) Q4 is now acting as a (sawtooth 
generator, trapezoidal generator, common 
emitter amplifier). 

(2) All oX the symptoms noted above 
could be caused by 

<a) R12 shorted. 

(b) R12open. 

(c) Q4 open. 

(d) 04 shorted. 



TP-ia 

INPUT 
GATE 
VOLTS + 
AMPLITUDE 

























































J, 
•4 
.7 
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li) 2Si 03 4.0 



S.0 6:0 7.0 G.O 9:0 10 
TIME MILLISECONDS 



11 



12 13 



20p 
19. 
18- 



TP-U 
OUTPUT 
SIGNAL 
VOLTS + 
AMPLITUDE 



11_ 

fSi- 

7Si~ 
6.0- 
S.0- 
4Si- 
3i)- 
2Ji- 
U- 
0_ 



li) 2Si 3J) 4J) S.O 6.0 7.0 8.0 9.0 
TIME UILLISECONDS 



10 



11 



12 

REP4 



13 

■1533 



Graph 2 
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k. Consult your instructor and ask him to 
remove trouble number 1 and insert trouble 
number 2 (S-^S)* 

1« Observing the oscilloscope presenta* 
tions, (TPIO) on ''A" chamiel and T^Pll on 
"B" channel) underline the correct response 
to the following statements: 

(1) The amplitude of the signal at 
TPIO has (increased, decreased to 0), and the 
voltage at TPll is a (trapezoidal wave, 
DC voltage). 

(2) These symptoms could be caused 
by r9 (open, shorted) or Q3 (open, shorted)* 



m. Consult your instructor and ask him 
to remove all maUunctlons from the trainer. 

n* Summary: Underline the correct 
response to the following statements: 

(1) The jump voltage of atrapezoidal 
wave generator occurs at the first instant 
the transistor is (cutoff, saturated). 



(NOTE: Refer to the schematic diagram 
on the trainer while responding to the 
following statements.) 

(2) The amplitude of the jumpvoltage 
can be increased by increasing (R12, Rll) 
or decreasing (R12, Rll)* 

(3) Decreasing the capacitance of 
C5 causes the physical length of the output 
signal to (increase, decrease) and linearity 
to be (improved, impaired)* 

(4) Shorting Q3 (does, does not)disable 
the trapezoidal generator, because Q4 (does, 
does not) require an input gate in order to 
furnish the desired output* 

(5) opening R12 causes a/an 
(increase, decrease) in the voltage measured 
at TPll, and the resistance from TP12 
to groiind (increases, decreases) to (infinity^ 
0 Ohms). 

CONFIRM YOUR RESPONSES ON THE 
BACK PAGSS* 
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MODULE SELF-CHECK 



Figure 49-4 



Questions 1 thru 6 refer to figures 49*3 
and 49-4. 

Given: The waveshapes on fi^re 49-4 
represent the input to (square wave) and 
output from (trapezoidal wave) the circuit 
in figure 49-3. 



U At TO, the negative going gate causes 
Ql to (saturate, cutoff) and the (jump, slope) 
voltage occurs, 

2, The ampUtude of the jump voltage Is 
approximately (l/2, 5) volts, and the ampli- 
tude of the trapezoidal wave is (1/2, 5) 
volts, 

3, The slope time (electrical length) of the 
trapezoidal wave is (1, 2) milliseconds, and 
the signal FRT is (1, 2) millisecond. 



33^ 



4. Amplitude of the jump voltage Is deter- 
mined by the: 

, a* Input gate width, 

. b. Input gate frequency. 

c, value ol C2 and R3, 

, d, value ol R2, R3, and V^^, 

5. Fall time of the trapezoidal wave is 
(greater^ less) tiian the electrical length 
because the discharging at C2 through (Ql 



and R3, R2 and R3) takes less time than 
the charging ol C2 through {Ql and R3^ 
R2 and R3). 



6. Increasing the gate width ot the input 
signal would cause the electrical lengtholthe 
Output signal to (increase^ decrease), the 
physical length to(lncrease, decrease), and the 
slope linearity to be (improved, impaired), 

CONFIRM YOUR ANSWERS ON THE BACK 
PAGES, 
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1. coils, electromagnetic 




2. (1) c (2) 1 (3) a (4) d (5) f (6) e (7) b 


(6) a 


3. saturation, cutoff, jump, charge 




4. width oi the negative going input gate 




5. d 




6. input signal 




7. b 




8» c 




9. a 




10, increase, in>paired. 




If you missed ANY questions, review the material before you continue. 





ANSWERS TO LABORATORY EXERCISE 49-1 

3b. AmpUtude TPIO volts pk 

Pulse Width (Neg) TPIO 1,3 milliseconds. 
Rest Time (Pos) TPIO milliseconds. 
PRT TPIO 2.2 milliseconds. 
Amplitude TPU _2_ volts pfc. 
Jump Voltage TPU volts. 
Rise Time TPU U3 milliseconds. 
PRT TPU 2^ milliseconds* 

3c. 
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Graph 1 

.0 29i; 



3d. (1) Cutoff, negative (2) series 

3e. Jump Voltage 4^ volts. Slope Time milliseconds. 

3e (1) increased, large (2) Increased (3) did not change 

3f Amplitude §A_ volts Slope Time hi. milliseconds. 

3f (1) increased (2) did not change (3) impaired, more 

3h Amplitude TPIO .6 volts. Amplitude TPll 16 volts. 



1.<V 

Oi 



TP-10 

GATE 

VOLTS + 0-6 

AMPLITUDE 0.4 



1.0 2.0 3J) 4.0 5jO 6^ 7.0 8^ 9-0 
TIME MILLISEC0I4PS 



I 
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TP-11 
OUTPUT 
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VOLTS + 
AMPLITUDE 
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Graph 2 

31 Resistance RF12 Infinite ohms. 

3j (1) Common Emitter Amplifier. (2) (b) Open Rl2 
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3^) 



31 (1) decreased to 0, DC voltage (2) open, shorted 

3n (1) cutoff (2) H12, BU (3) increase, impaired (4) does, does 
(5) increase, increases, infinity 

If your response to ANY of the statements is wrong, or if ANY of your measurements 
are more than 10% different, go back and repeat that portion of the project* If necessary, 
review the referenced text material for clarification* Your instructor will assist If 
needed, 

CONSULT YOUR INSTRUCTOR FOR THE PROGRESS CHECK, 

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK, 

ANSWERS TO MODULE SELF-CHECK, 

1, cutoff, jump 

2* 1/2, 5 

3, 1, 2 

4, d* value of R2, R3, and V^^, 
5* less, Ql and R3, R2 and h3« 
6* increase, increase, iiDpaired 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS 
CORRECTLY, IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE, 
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PROGRAMMED TEXT 



SOLID STATE TRAPEZOIDAL WAVEFORM GENERATORS 



INSTRUCTIONS: 

This text is niade so that you will go 
through it step by step. Each frame, or 
step, will teach you a small bit of infor- 
mation* Ansv^ers for the questions for each 
frame are printed at the back of the text 
(in blocks)* 

Read the information and respond as you 
are directed. Turn to the back of the text 
and check your work. Do not proceed until 
you have responded correctly. If you need 
aid, see your instructor. 



Linearity can be changed by two things: 
gate length, and the RC time constant. 
The simple proportion we used before can be 

RC 

used here* This is: Linearity^ — - — : — — : . 

gate length 

You can see that linearity will increase 
U either R or C Or both are increased. 
Also, linearity will decrease if either R 
Or C, Or both, are decreased* Linearity is 
inversely related to gate length, so if gate 
length is increased, linearity will decrease* 
The reverse is also true, that is, if gate 
length is decreased linearity will increase. 



OBJECTIVES: 

Solid State Trapezoidal Generators 

a« Given the schematic diagra^m of a 
trapezoidal wave generator and a list 
oi statements, select the statement 
that describes the effects on output 
linearity when time constants, applied 
voltage, aixl input gate duration are 
changed. 

b- Given a trainer having a semicon- 
ductor trapezoidal wave generator cir* 
cuit, multimeter, and oscilloscope, 
measure the output amplitude, rise 
time, and jump voltage within + 10 
percent accuracy. 

c. Given a trainer vrith a malfunctioning 
trapezoidal wave generator circuit, 
a schematic diagram, multimeter^ and 
oscilloscope^ determine the faulty 
component two out of three times. 



1. INTRODUCTION 

Linearity^ physical lengthy and electrical 
length in trapezoidal waveforms are changed 
by the same things as in the sawtooth gene- 
rator we talked about in the last module* 



Physical length is also affected by changes 
in the RC time constant, gate length, or 
^CC ^ ^CC increased, the capacitor 
will charge to a higher value but the per- 
centage of charge will not change. This 
means that linearity can not change but 
physical length will increase. This is so 
because physical length is the voltage to 
which the capacitor charges. So remember, 
if V^^ increases, physical length increases. 



ElectricE: ength is affected only by gate 
length. In fact, electrical length and gate 
length are always the same. This means that 
if gate length increases, electrical length 
increases. 



Most oscilloscopes use electrostatic deflec 
tion. A sawtooth of voltage applied to the 
horizontal deflection plates will cause the 
electron beam to move. The beam will move 
horizontally. The CRTs in most TV and radar 
sets use an electromagnetic deflection system. 
Current flow in a coil around the neck of the 
CRT will cause the electron beam to move. 
A linear change of current will cause a linear 
movement of the beam, A sawtooth voltage 
wave applied to the deflection coils will not 
cause a linear change of current. A 
TRAPEZOIDAL voltage wave will cause a 
linear change of current in a deflection 
coil. 
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2. CHARACTERISTICS OF ATRAPEZOIDAL 
WAVE 

Look figure 1. It is 2. trapezoidal 
voltage waveform^ It is the same as a saw- 
tooth except for one thing; note the jiimp 
in voltage at time T0+ This jumo in voltage 
compeiisates for the DC resistance cf the coil^ 
The jump or step is followed by a linear 
rise of voltage to the peak^ The time 
(measured in microseconds, milliseconds 
or seconds) from TO to Tl is the electrical 
lengths The fall time is the time for the 
voltage to drop from peak to zero (Tl to 
T2). The voltage amplitude at the peak point 
of the waveshape is referred to as the physi- 
cal length. It is called the physical length 
because it is tikis amplitude which determines 
the physical movement of the electron beam 
on the CRT^ The higher the amplitude^ the 
greater the physical movement of the beam. 
The PRT is from TO to T3 and the fre- 
quency of the wave is i/pRT+ The slope, as 
in a sawtooth wave, is part of the charge 
curve of a capacitor* The trapezoidal wave 
may be thought of as a sawtooth on top of 
a rectangular wave* 

The jump voltage is required to overcome 
the internal resistance of a deflection coil* 
The coil resistance drops a voltage* The cur- 
rent through the resistance of the coil is pro- 
portional to the voltage drop across the 
resistance* A deflection coil and its resist- 
ance form a series RL circuit as shown in 
figure 2A. If you applied a square or 
rectangular wave of voltage across a coil 
with NO resistance the current rise would 
be Unear. 

However, all coils have resistance, and the 
result of applying a square wave to the coil 
in figure 2a is shown in figure 2B* At the first 
instant (TO)^ the coil acts as an open and 
drops all of the voltage* Current starts to 
flow and a voltage is developed across the 
resistance. As time passes, the voltage across 
the resistance increases and the voltage 
across the coil decreases* Note that Ep and 
El to Ea a.t all times* Er, 1r, and 

1^ all follow the same curve, as shown in 
figure 2B* Notice the lack of linearity* 



Figure 2C shows what happens when a 
trapezoidal voltage is applied to the coil* 
At TO the jump voltage appears across the 
coil* E|^ and lf( are zero at this point* 
Current now begins to flow and a voltage 
develops across R* As E^ Increases, Ep 
and Ip increase AT THE SAME RATE* This 
keeps a constant voltage across the coil 
{BiJ and a Unear rise of current takes 
place (Ip). 



Quick Quiz i: 

1* Television and radar CRTs use an 
- deflection system. 



2. A sawtooth voltage appUed to deflection 

coils will cause a Unear increase of current. 
true/ FALSE* 



3. A trapezoidal voltage waveform has the 
same characteristics as a sawtooth except 
for the — ♦ 



4. Current through a deflection coil is 
proportional to the voltage 

a. across the coil* 

b* across the coil resistance* 

c. appUed across the coil and its 
resistance, 

5. A trapezoidal voltage waveform appUed 
to a deflection coil will cause a ■ 

- Increase of current* 
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3. TRANSISTOR TRAPEZOIDAL 
GENERATOR 

A trapezoidal wave generator is shown in 
figure 3A. It is the same as a sawtooth 
generator except for R3, which is called a 
"jump" resistor. CI couples the input gate 
to the base of Ql* Rl provides a forward 
bias pa^th for Ql. R2 is the collector load 
resistor. R2, R3^ and C2 form an RC network 



which determines the slope of the output. As 
in the sawtooth generator, Ql acts as the 
switch. Figure 3B shows the input gate and 
the output trapezoid. 

At time TO (figure 3B) the negative gate 
is applied to the base of Ql and cuts it 
off* Ixok at the output waveshape. The jump 
appears at this time. The reason for the 
jump is shown in figure 3C. This is the 



4 



3 



equivalent circuit at the time Ql cuts off. 
C2 Id not shown because the cutoff of Ql i3 
a very fast change and C2 acts as a short 
to the change. With C2 short, this leaves a 
simple series circuit made up of R2 and R3^ 
The 50 volts applied divides across the two 
resistors In proportion to their size, R2 is 
&9 times as large as R3* This means that 
99 percent of the voltage {49*5V) vdH be 
across R2 and 1 percent {*5V) across R3, 

As the jump ends C2 starts to charge from 
ground through C2, R3 and R2, toward the 
applied 50V* C2 charges for the time the 
negative gate lasts, which is 1000 micro- 
seconds* The gate ends at time Tl, and Ql 
rapidly saturates* This causes C2 to dis- 
charge through Ql and R3^ As you can see 
from figure 3B, it takes about 500 micro- 
seconds for C2 to discharge and this is 
called the fall time. At T3 another negative 
gate Is applied and the process is repeated* 

The electrical length is the same length 
as the negative gate, or 1000 microseconds. 
The ERT Is 2000 microseconds, and the fre- 
quency is i/pRT, The time constant R2 
^- R3 and C2 is 500 x 103 x *02 x 10"^ or 
10,000 microseconds* To see if the slope is 
linear we can use the formula: 



#TC - ^^^^ ^ 



-6 



500 X 10^ X *02 X 10"^ 



1000x10 
10,000 X 10"^ 



= *1 



Since the capacitor only charges for *1 time 
constant (10%), the slope of the trapezoid 
is relatively linear. The physical length is 
also determined by the percentage of charge* 
The applied voltage is 50V and 10% of this 
is 5V* The physical length is therefore 
5 volts* 



QUICK QUIZ 2: Refer to figure 3: 
1* The trapezoidal generator is the same as 
a sawtooth generator except for the , 
. resistor* 



2, The charge path for C2 is from ground 
thru C2, R3 and R2 to 450 volts* TRUE/ 
FALSE* 

3* The discharge path of C2 is from the 
negative side through Ql and R3 to the posi- 
tive side, true/false, 

4, The input ERT is 2000 microseconds. 
The output frequency is therefore: 

a^ 50 Hz 
b* 500 Ha 
C* 5000 Hz 
d, 50,000 Hz 

5, At time TO (figure 3B) C2 is short 
and the . occurs, 

6* If R2 were 490 k ohms and R3 were 
10 k ohmSf the jump would be ■ V* 

7* The fall time is the . 

time of C2- 

8. Considering Ql as a switch, at time TO 

the smtch and 

at Tl it , - 

9, C2 charges when Ql is On/oFF and 
discharges when Ql is ON/OFF- 

10^ During the positive alternation of input, 
Ql is ^ , 
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Quick Quiz 3: Refer to figure 4 

In the following questions determine 
whether linearity Increases, decreases, or 
remains the same for the changes given* 



3s 



'0 



In the following questions, determine 
whether physical length increases, decreases, 
or remains the same for the changes given- 

15* R2 increases 



1. H2 increases 



2* R3 decreases 



16. R3 decreases 



17- V^^ increases 



3* V^^ increases 



18. C2 decreases 



4. C2 decreases 



19* R2 f R3 increases 



5. R2 f R3 increases 



6- ^ QQ decreases 



20* V ^ decreases 
CC 



21. C2 increases 



7. C2 increases 



22. gate length increases 



8* gate length increases 



23* R2 decreases 



9* R2 decreases 



10. R3 increases 



11. R2 f R3 decreases 



24. R3 increases 



25. R2 f R3 decreases 



26* gate length decreases 



12* gate length decreases 



27, R2, R3, C2 increases 



13. R2, R3^ C2 increases 



28* R2, R3, C2 decreases 



14. R2, R3, C2 decreases 
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4. TROUBLESHOOTING PROCEDURE 

Troubleshooting the trapezoidal generator 
is the same as the sawtooth generator. The 
transistor is a coninion emitter amplifier. As 



before^ when we speak of output^ we meaji an 
AC signal and not a straight line DC- As 
with the sawtooth generator, we will use the 
trainer circuit for troubleshooting. This cir- 
cuit is shown in figure 5. It is, in fact, 
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the sawtooth generator with jump resistor 
RL2 added. 



TROUBLE: 
SYMPTOMS: 

ANALYSIS: 



TROUBLE: 
SYMPTOMS: 

ANALYSIS: 



TROUBLE: 

SYMPTOMS: 

ANALYSIS: 



TROUBLE: 

SYMPTOMS: 



No input gate. 

No output, no signal at 
the base of Q4. 

With no gate being 
applied to Q4 there can 
be no output. There are 
several things which ^ 
could prevent the signal 
from reaching the base 
of Q4^ One of these is 
R9 open^ If something 
happens in the pre-> 
ceeding circuit, no signal 
can reach the base of 
04- 

Q4 open^ 

No output, signal at the 
base of Q4 normal, Yq 
0fQ4=Vc:C- 

With Q4 open, no col- 
lector current can flow 
so there is no output and 
Vc of Q4 Is at V^p, 
however, thebase signal 
should be normals 



RU open. 

No output, base signal 
normal, of Q4 = Q. 

There can be no collec- 
tor current or voltage 
with RU open so of 
Q4 = 0* This trouble 
does not prevent the sig- 
nal from being seen at 
the base of 04. 

R12 open* 

Output is the input gate, 
inverted by 180* and 
amplified. Resistance 
reading from TP-12 to 
ground is infinite* 



ANALYSIS: If Rl 2 opens there is no 

charge path for C5. This 
makes Q4 a common 
emitter amplifier. The 
output Is the Input gate, 
Inverted and amplified. 
The resistance reading 
from TP-12 to ground 3 s 
infinite because you are 
reading across an open. 



QUICK Quiz 4: Refer to figure 5. 

K There Is no output but the base signal 
is normal and of Q4 equals zero volts* 
The trouble is 

a. Q4 open 

b. No input 

c. RU open 

d. R9 open 

2. The output is the input gate, amplified 
and inverted. The resistauL-ie from TP-12 
to ground is infinite* The trouble could be 

a. Q3 short 

b. R12open 

c. Q4 open 

d. RU open 

3+ There is no output but the base signal 
is normal* of Q4 ^ ^qq* 

a^ no input 

b. R12open 

c. RU open 
d^ Q4 open 

4. There Is no output and no signal at the 
base. The trouble could be 

a* Q3 short 

b. RU open 

c^ R12 open 

d. Q4 open 



35 



309 



3^3 



SUMMARY QUIZ: 

1. Most television and radar CRTs use an 
electrostatic deflectionsystera* TRUE/FALSE 

2. A trapezoid voltage waveform has the 
same characteristics as a sawtooth except 

for the 

3* A trapezoid voltage applied to deflec 
tion coils will cause a linear rise of 

voltage/current. 

4. Current through a deflection coil is 
proportional to the voltage 

a. across the coil 

b. across the coil resistance 

c. appled 

5* The trapezoidal generator is the same as 
the sawtooth generator except for the COL* 
LECTOR load/ JUMP resistor* 
Refer to figure 3 Or 4. 

6. If R2 were 480 k ohms andR3were 20 k 
ohms, the jump would be .y, 

7. During the negative alternation of tlie 

inputs Ql is - ^ 

6* C2 charges when Ql is OFF/ON. 

9. The trapezoid is formed when C2 
charges/discharges and while Ql is 

off/on. 



10. At time TO, C2 is a short and the 
* occurs. 

11. The fall time is the charge time of 
C2* TRUE/FALSE* 

Jn the following questions determine 
whether linearity increases, decreases, or 
remains the same for the chaiiges given. 

12. R2, R5, C2 increases 

13. gate length decreases 

14. R2, R3, C2 decreases 

15. R2 f R3 decreases 

16. r3 increases 
17+ R2 decreases 

18. gate length increases 

19. C2 increases 
^CC decreases 

21. R2 f R3 increases 

22. C2 decreases 

23. Vqq increases 

24. R3 decreases 

25. R2 increases 

Refer to figure 5 Xor questions 26 and 27. 

26. There is no output and no signal at 
the base. The trouble may be 

a* Q4 open 

b+ Rl open 

c* Q3 short 

d. Rl2open 

27. The output is the inPut gate, inverted 
aiid amplified. The resistance reading from 
TP-12 to ground is infinite. The trouble is 

a. R12 open 

b* Q4 open 

c^ Rllopen 

d* R9 open 
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ANSWERS TO QUICK QUIZ 1: 
1. electromagnetic. 
2* False 

3. Jump voltage 

4. b 

5. linear 



ANSWERS TO QUICK QUIZ 2: 

1. jump 

2. true 

3. true 

4. b 

5. jump 

6. 1 volt 

7. discharge 

8. opens, closes 

9. off, on" 
10* satiirated 



ANSWERS TO QUICK QUIZ 3: 

1. increases 

2. decreases 

3. remains the same 

4* decreases 

5. increases 

6, remain the same 



7. increases 

8. decreases 
decreases 

10. increase 

11. decrease 

12. increase 

13. increase 
14* decrease 

15. decrease 

16. increase 
17* increase 

18. increase 

19. decrease 

20. decrease 

21. decrease 

22. increase 

23. increase 

24. decrease 
25* increase 

26. decrease 

27. decrease 
28* increase 



ANSWERS TO QUICK QUIZ 4; 

1. c 

2. b 

3. d 

4. a 
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ANSWERS TO SUMMARY QUIZ: 






1 . False 


15. 


decreases 


2 4 jump 


1 f{ 


increases 


3 • cur rent 


17, 


decreases 


4. b 




decreases 


&, jump 








19. 


increases 


6. 2 








20. 


no change 


7. off 






8, off 


21. 


increases 


9. charges, off 


22. 


decreases 


10, jump 


23. 


no chajige 


11. False 


24. 


decreases 


12. increases 


25. 


increases 


13, increases 


26. 


c 


14, decreases 


27. 


a 



WHEN YOU HAVE COMPLETED THIS PROGRAMMED TEXT, AND CAN ANSWER ALL 
QUESTIONS CORRECTLY, PROCEED TO YOUR GUIDANCE PACKAGE, KEP-GP-49^ PAGE 9, 
AND DO LABORATORY EXERCISE 49-1 ON SOLID STATE TRAPEZOIDAL GENERATORS, 
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OVERVIEW 

1, SCOPE; Limiter circuits find their 
primary applications in waveshaping and 
protection. Clampers, on ttie other hand, 
are used primarily to change the reference 
point of either the upper or lower limits of 
the Input signal. Numerous methods are 
used in reaching the desired result; how the 
result is reached is our goal during this 
module of training. You will also learn to 
Identify output signals with a given input, 
and what effect changes in bias have on the 
output, 

2. OBJECTIVES; Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a* Given the input waveform to the follow^ 
Ing solid state diode limiters and a group of 
output waveforms, select the waveform that 
would be present at the output of the named 
diode limiter, 

(1) Series Positive 

(2) Series Negative 



(3) Shunt Negative with bias 

(4) Shunt Positive with bias 

b. Given schematic diagrams of biased 
diode shunt limiters and a list of statements^ 
select the statement that describes the effect 
on limiting when bias is changed, 

c. Given the Input waveform to a zener 
diode limiter^ a specified breakdown voltage, 
and a groi^ of output waveforms, select 
the waveform that would be present at the 
output, 

d. Given the schematic diagram of a 
transistor limiter and a list of statements, 
select the statement that describes the effect 
on limiting when bias is changed, 

e. Given the input waveform to the fol- 
lowing solid state diode clampers and a 
group of output waveforms, select the wave- 
form that would be present at the output of 
the named diode clamper, 

(1) Negative with bias 

(2) Positive with bias 
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f. Given a trainer having a llmiter, 
dchematlc diagram, oscilloscope, and mul- 
timeter, determine the effect on limiting 
when bias is changed. 

g. Given a trainer having a clamper, 
schematic diagram, oscilloscope, and mul- 
timeter, determine the effect on the voltage 
reference when the bias is changed. 



LIST OF RESOURCES 



To satisfy the objectives of this module, 
you may choose according to your training^ 
experience, and preference, any or all of 
the following. 



READING MATERIALS: 
Digest 

Adjunct Guide and Student Text VI 



AUDIOVISUAL S: 

Television L e s son 30-504^ Triode 
Llmiter s 

Television Lesson 30*505, Duodiode 
Limiters (TSTR) 



LABORATORY EXERCISES; 

Laboratory Exercise 50-1, Solid State 
Limiters 

Laboratory Exercise 50-2, Solid State 
Clampers 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK* 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 



INSTRUCTIONS: 

A Study the referencedmaterialsasdirected. 

Return to this guide and answer the 
questions - 

Check your answers against the answers 
at the back of this Guidance Package. 

Contact your instructor if you experience 
any difficulty. 

Begin the program. 



A. Turn to Student Text, Volume VI, and 
study paragraphs 7-1 through 7-16. Return 
to this page and answer the following 
statements/ questions* 

1. The two primary purposes cf llmiter 
circuits are: 

a. 



b. 



2. A negative llmiter removes all or a 
portion of the (negative) (positive) half cycle 
of the input signal, and a positive limiter 
removes all or a portion of the (negative) 
(positive) half cycle. 



3. The key for identification of a series 
limiter is the diode in (series) (parallel) 
with the output signal. 



4. The diode of a series positive limiter 
will be (reverse) (forward) biased by the 
positive half of an input sine wave. 
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5. The diode of a series negative Umiter 
will be (forward) (reverse) biased by the 
positive half of an input sine wave. 



2. Study fl^re 50-1 and match the circuit 
diagrams in column A with the following 
list of Umiter types. 

a. Double diode Umiter 



CONFIRM YOUR 
BACK PAGES. 
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b. Negative Umiter with positive bias 



B. Turn to Student Text, Volume VI, and 
study paragraphs 7*17 through 7*24. Return 
to this page and answer the following 
statements/ questions. 



c. Positive Umiter with negative bias 



d. Positive Umiter with positive bias 



1. The identification fcey for a shunt diode 
Umiter is that the diode is in (series) 

(parallel) with the load. e. Negative Umiter with negative bias 



2. The diode of a shunt positive Umiter is 
(forward) (reverse) biased during the nega- 
tive half of an input sine wave. 



3. The diode of a shaint negative Umiter is 
(forward) (reverse) biased during the nega* 
tive half of an input sine wave. 
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3. Refer to figure 50-1, schematic diagram 
c. Increasing the battery voltage of B2 to 
8 volts would cause ^ 

a. positive limiting to decrease. 

b. positive limiting to increase. 

c. negative limiting to decrease. 

d. negative Umiting to increase. 



C. Turn to Student Text, Volume VI, and 
study paragraphs 7-25 through 7*39* Return 
to ttiis page and answer the following 
statements/ questions* 



4. In reference to figure 50*1, circuit b, 
increasing the battery voltage to 6 volts 
would cause Umitingto(increase)(decrease). 



1, Refer to figure 50-1. Given circuit 
diagrams of solid state Limiters with bias 
and input signals, match the waveforms in 
column B with the circuits in column A. 



CONFIRM YOUR 
BACK PAGES. 
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Column A 
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Figure 50-1. Diode Limiters 
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the collector voltage attempted to go above 
volts positive. 



Figure 50-2* Transistor Limiter 



2* Which <rf the circuits shown in figure 
50-3 would provide the output signal shown? 

CONFIRM YOUR ANSWERS ON THE 
BACK PAGES* 

E. Turn to Laboratory Exercise 50-1* You 
wlU perform various actions that wil demon- 
strate how limiting is accomplished by 
various diode connections* You will also see 
how changes in bias will alfect the degree of 
limiting* 



D. Turn to Student Text, Volume VI, and 
study paragraphs 7-40 through 7-45* Return 
to this page and answer the following 
statement^ questions. 

1. Refer to figure 50-2. Jn this circuit, 
limiting of the output signal would occur if 

TI 



Return and continue with thisprogram when 
the Laboratory Exercise Ixas been completed. 

F. Turn to Student Text, Volume VI, and 
study paragraphs 7-46 through 7-76. Return 
to this page and answer the following 
statements/ questions* 
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Figure 50-3. Zener Diode Llmiters 
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1. Given a list of circuit names (a through 
f), select the correct name for each of the 
circuits Illustrated In figure 50-4 (1 through 
4). Enter your selection In the space to the 
left of each schematic. 



_20V 



a. 
b, 
c. 
d. 
e, 
f, 
OV. 



NPN saturation limlter 
NPN cutoff limlter 
NPN overdriven limiter 
PNP saturation limiter 
PNP cutoff limiter 
PNP overdriven limiter 




2V , 





OV 
-2V, 

-6V 



-20V_ 



+20V- 




OV- 



+yjcc = +20V 



(4) 




OV-L - 4- _ 



Fi^re 50-4, Transistor Limiters 



+20V 
+18V 

+12V 
OV 
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Figure §0-5« Diode Clampers 



2. Refer to scbematicdlagrajnnumber (1) of 
figure 50-4« Increasing the forvfard bias of 
this ciroiit D?ould(incre^e) (decrease) cutoff 
limiting and would (increase) (decrease) 
saturation limiting* 



3« Match figure 50-6 output waveshapes 
(1 and 2) to the appropriate clamper circuit. 



CONFIRM yOim ANSWERS ON THE BACK 
PAGES. 



G* Turn to Student Text, Volume VI, and 
study paragraphs 7-77 through 7-111* Return 
to this page and answer the following 
statements/ questions* 



1. A posttLve clamper without bias clamps 
the (lower) (upper) extremity of the output 
signal to Q volts* and a negative clamper 
without bias clamps the (lower) (upper) 
extremity to 0 volts* 

2. Match figure 50-5 schematic diagrams 
of positive and negative clampers having the 
same input signal with the output signals 
labeled 1 and 2. 



b* 



CONFIRM YOUR 
BACK PAGES* 



ANSWERS ON THE 



H. Turn to Student Text, Volume VI, and 
study paragraphs 7-112 through 7- 1 32 * 
Return to this page and answer the fol- 
lowing statements/ questions. 



1* A positive clamper ^th positive bias 
clamps the (lower) (upper) extremity of 
the output wave to a (positive) (negative) 
potential. 



2* A (positive) (negative) clamper with 
(positive) (negative) bias clamps the lower 
extremity of the output signal to a negative 
potential* 
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Figure 50-6. Diode Clampers 



3. A negative clamper with negative 4- A (positive) Oiegative) clamper with 

bias clamps the (lower) (upper) ex- (positive) (negative) bias clamps the 

tremity of the output s^al to a upper extremity of the output signal 

(negative) (positive) potential. to a positive potential. 
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5. Match the circuit diagrams in column A CONFIRM YOUR ANSWERS ON THE 
with the signals they produce from column B BACK PAGES. 

of figure 50-7. 



Column A Column B 




Figure 50-7. Biased Clampers 

? O 

O iC z^- 

8 



I, Turn to Laboratory Exercise 50-2, This 
project will allow you to prove theprlnclples 
of biased and unbiased clampers which you 
have just learned. 



you MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



LABORATORY EXERCISE 50-1 



OBJECTIVE; Given a trainer having a 
Umiter, schematic diagram, oscilloscope, 
and multimeter, determine the effect on 
limiting when bias Is changed. 



EQUIPMENT: 

Llmiters and Clampers Trainer (PD5925) 

Oscilloscope 

Multimeter 



REFERENCE: 

Student Text, Volume 6, paragraphs 7-1 
through 7-39 



CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY AT ALL 
TIMES, REMOVE WATCHES AND RINGS, 



PROCEDURES: 

1, Trainer Analysis 

Llmiter circuits are widely used as signal 
shaping and protection circuits in all types 
ol electronic applications. This trainer, by 
changing the various switches' as directed, 
can be used as a simple, practical method 
of learning the operation of most types of 
diode limiters. 



2, Equipment Preparation 



a. Oscilloscope 
Controls 

(1) Power 

(2) MODE 

(3) POLARITY 

(4) VOLTS/DIV 
(A & B) 

(5) TIME/DIV 

(6) TRIGGER 
SELECTOR 

(7) HORIZONTAL 
POSITION 

(8) FOCUS & 
INTENSITY 

(9) POSITION 



b. 



Trainer 
Controls 



(1) 

(2) 
(3) 



SI 
S2 
S3 



(4) S4 

(5) S5 

(6) S6 



(7) 
(8) 



S7 

S8 



Position 
ON 

Alternate, or 
chopped 

Normal DC 

2 volts 
(calibrated) 

5 millisecond 
(calibrated) 

Auto, Line + 

Normal Sweep 
Clear 

Presentation 

Adjust A sweep to 
first line from top 
of scope, and B 
channel to first line 
from bottom as 
zero references. 

Position 
1 

LO 

3 

4 

1 

1 

1 

2 



(d) S9 + 

c. Interconnections 

(1) Groimd trainer to oscilloscope, 

(2) Connect A Channel probe to TPl. 

(3) Connect B Channel probe to TP2, 

d. Plug trainer into 110 volts AC, 
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VOLTS + 



VOLTS 



2.0 

).0 
.S 

-J 

-10 

-1 J 

-2.0 
TO 



Tl T2 T3 T4 Vo 

INPUT 

Graph l-l 



Tl 



T2 
OUTPUT 



T3 T4 

REP4'1503 



3. Activity 

a. Adjust the verticalpositioningcontrols 
so that the A C h annel presentation is on the 
upper half ol the oscilloscope lace and the 
B Channel presentation is on the lower half. 

b. Adjust the FOCUS and INTENSITY 
controls lor a clear presentation on the 
oscilloscope. 

c. Adjust Rl (amplitude control) on the 
trainer lor a 4 volt peak to peak input 
signal (TPl, A Channel). 

d. Measure the amplitude ol the input and 
output signals and record your results. 



Input 



Output 



Pk-Pk 



Pk 



2.0 
1 J 

VOLTS + 1.0 
0 

- J 

VOLTS - -1.0 

-U 

-2.0 
TO 



Tl 



T2 
INPUT 



e. Draw one cycle ol the input and output 
signals on graph l-l. 

1. Underline the correct response to the 
lollowlng statements. 

(1) The trainer is arranged asaCseries) 
(shunt) (positive) (negative) limiter. 

(2) The output signal is being developed 
across (CR2) (R3). 

g. Change S3 to position 2. 

h. Draw one cycle ol the input and output 
s^nals on gr^h 1-2, 

i. Underline the correct response to 
the lollowing statements. 

(1) The trainer has now been changed to 
a (series) (shunt) (positive) (negative) limiter. 

(2) The output signal is being developed 
across (CRl) (R3). 



T3 T4 TO 



Graph 1-2 



Tl T2 T3 t4 

OUTPUT 

KBP4-150S 
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2.a 

VOLTS + '-0 
0 

-5 

VOLTS - -1.0 
-1 J 

TO 



Tl 



T2 
INPU- 



TS 



T4 TO 
Graph 1-3 



Tl 



T2 
OUTPUT 



T3 



3b7 



T4 
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Change S3 to position 4 and S4 to 
position 2. 

Draw one cycle of tbe input and output 
signals on graph 1*3* 

1* Underline the correct response to the 
following statements. 

(1) The trainer is now arranged as a 
(series) (shunt) (positive) (negative) llmlter. 

(2) (Positive) (Negative) (No) bias is 
being applied to the diode« 

(3) The output signal is now being de* 
veloped across (R2) (CR4) (R3)« 

Change S4 to position 3« 

n« Draw one cycle the input and output 
signals on graph 1-4* 



o« Underline the correct response to 
the following statements. 

(1) The trainer circuit has been changed 
to a (series) (shunt) (positive) (negative) 
llmlter with (positive) (negative) (no) bias. 

(2) The output signal is being developed 
across (P2) (CR3) (R3)* 

p« Change S5 to position 2« 

q« Using the multimeter, measure the 
voltage at TP6 on the trainer and adjust 
R5 (bias control) for +1 volt DC (disconnect 
meter when finished)* 

r. Using the oscilloscope, measure the 
input and output signal amplitude and record 
the results. 



Input 
Output. 



VOLTS + 



VOLTS - 



2.0, 
0 

-5 

-U 

-1 J 

-2.0 
TO 



Tl 



T2 
INPUT 



T3 



14 TO 



Tl 



T2 
OUTPUT 



T3 T4 

REP4'1S03 



Graph 1-4 



11 



325 



2.0 

VOLTS + 1.0 
0 

-S 

VOLTS- -1.0 

-2.0 
TO 



Tl 



T2 
INPUT 



T3 



T4 TO 



Tl 



T2 
OUTPUT 



T3 



3^7 



T4 



ItEP4~X503 



Graph 1-5 



s. Draw one cycle of the input at^d output 
signals on graph 105. 

t. Underline the correct response to the 
following statements. 

(1) The trainer has been changed to a 
(series) (shunt) positive) (negative) limlter 
with (positive) (negative) (no) bias. 

(2) In this arrangement, the circuit is 
eliminating all of the (positive) (negative) 
input alternation andaportlonofthe (positive) 
(negative) alternation. 

u. Change S9 to the - (negative) position. 

V. Using the multimeter, measure the 
voltage at TP6 and adjust R& (bias control) 
for -1 volt DC (disconnect meter when 
finished). 

w. Draw one cycle of the input and output 
signals on graph 1-6. 

X. Underline the correct response to 
the following statements. 



(1) The trainer circuit is now arranged 
as a (series) (shunt) (positive) (negative) 
limlter with (positive) (negative) (no) bias. 

(2) The degree of limiting is primarily 
determined by polarity and amount of bias 
connected to the diode. (True) (False) 

y. While observing the ou^t signal on 
the oscilloscope, slowly vairy the bias by 
turning R5 CW and COW. Change S4 to 
position 2, S9 to + (positive), and repeat 
the bias variation. 



z. Make a statement 
observations during step y. 



regarding your 



CONTaiM YOUR RESPONSES ON THE 
BACK PAGES. 



0 



2.0 
15 

VOLTS + 

01 
-J 

VOLTS 1.0 

-U 
-2A 



TO 



Tl 



T2 
INPUT 



T3 



T4 fO 



Tl T2 T3 

OUTPUT 



T4 



Graph 1-6 
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RETURN TO THE RESOURCE FROM 
WHICH YOU CAME AND CONTINUE 
WITH THAT PROGRAM. 



3 

b- Trainer Position 



(1) SI 
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LABORATORY EXERCISE 50*2 

OBJECTIVE: Given a trainer having a 
clamper, schematic diagram, oscilloscope^ 
and multimeter, determine the etiect on the 
voltage reference when the bias Is changed* 

EQUIPMENT: 

Llmlters and Clampers Trainer .(DD5925) 

Oscilloscope 

Multimeter 

REFERENCE: 

Student Text, Volume 6, paragraphs 7,77 
through 7-131 

PROCEDURES: 

1. Trainer Analysis 

By changing switch settings as directed, 
this trainer provides a simple, practical 
method for you to use In learning the opera* 
tional theory of unbiased and biased clampers. 

2. Eqiiipment Preparation 



a. Oscilloscope 



Controls' 


Position 


(1) 


Power 


ON 


(2) 


MODE 


Alternate 


(3) 


POLARITY 


Normal^ DC 


(4) 


VOLTS/DIV 


2t calibrated 
(change as 
required) 


(5) 


TIME/DIV 


1 millisecond^ 
calibrated 


(6) 


TRIGGER 
SELECTOR 


Auto, Int, + 



(2) 


S2 


to 


(3) 


S3 


5 


(4) 


S4 


1 


(5) 


SS 


1 


(6) 


S6 


4 


(7) 


S7 


2 


(8) 


S6 


2 


(9) 


sd 


- bias (left) 



c« Plug the trainer into llO volts AC. 



3* Activity 

NOTE: For this project^ the oscilloscope 
Is used for measuring DC voltages* There* 
fore, It Is recommended that you review 
Lab Project 20*3, Module 20, before 
continuing. 

a« Establish 0 volts DC reference for 
A Channel on first line from the top of 
scope. Establish 0 volts DC reference for 
B Channel on second line from bottom of 
scope. 

b. Connect A Channel probe to TPl, B 
Channel probe to TP3, and ground the oscll*^ 
loscope to trainer at TP7« 



c* Adjust input signal amplitude for 4 
volts peak to peak. 



d. Measure and record input and output 
signal amplitudes. 

Input Pk-Pk 

Output Pk 
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TO Tl T2 T3 T4 T5 TO T1 T2 T3 T4 T5 

INPUT OUTPUT 



Graph 2-1 



e. Draw two cycles of the input and 
output signals on graph 2-1, 

i. Underline the correct response to 
the following statements, 

(1) The trainer is arranged as a 
(positive) (negative) clamper with (positive) 
(negative) (no) bias, 

(2) On the positive alternation of the 
input signal C3 (charged) (discharged) 
through (R4) (CR6), 

(3) On the negative alternation of the 
input signal, C3 

(a) completely discharged through 
CR6, 

(b) completely discharged through R4. 

(c) discharged slightly through R4, 

g. While observing the input and output 
signals, vary the amplitude of the in|>ut 
signal up and down, and underline the correct 
response to the following statements, 

(1) Both the negative and positive peaks 
of the input signal decreased toward zero as 
the amplitude was decreased* (True) (False) 

(2) The most positive point of the output 
signal is (0) (+2) (+4) volts. 



(3) As the input signal amplitude was 
decreased, the output positive peak remained 
at (0) (+2) (+4) volts and the negative peak 
(remained stationary) (decreased toward 
zero). 



h. Readjust the input signal amplitude 
to 4 volts peak to peak and change S6 to 
position 2, Observe the out|mt signal and 
underline the correct response to the fol- 
lowing statements. 



(1) The output signal (is) (is not) now 
distorted. 



(2) The change In the output signal is 
caused by a/ an (increase) (decrease) in 
circuit capacitance, causing a (faster) 
(slower) discharge through (R4) (CR6), 



1, . Change S6 to position 4 and S7 to 
position 3, Reestablish 0 reference for B 
Channel on bottom line of oscilloscope face. 



While observing the output signal, 
vary the input signal amplitude up and down. 
Reset the input amplitude to 4 volts peak to 
peak, and draw two cycles of the output 
signal on graph 2*2, 
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Graph 2-2 



Underline the correct response to the 
following statements. 

(1) The circuit is now arranged as a 
(positive) (negative) clamper with (positive) 
(negative) (no) bias« 

(2) The signal Is now clamped from 
(-4) (0) (+4) volts in a (positive) (negative) 
directLon* 

L Change S6 to position 1« Use the 
voltmeter to adjust the voltage at TP6 to 
-*2 volts. Reestablish 0 volt reference for 
B Channel on first line, from bottom of 
osdUoscope face. 

m. While observing the output signal, v^ry 
the input signal amplitude \jp and down. 



Reset the input amplitude to 4 volts peak to 
peak and draw two cycles of the input and 
output signals on graph 2^3« 

n* Underline the correct response to 
the following statements* 

(1) The trainer is now arranged as a 
(positive) (negative) clamper with positive) 
(negative) (no) bias« 

(2) The (lower) (iQ)per) extremity of 
the output signal is now clamped at (-2) (0) 
(+2) volts* 

o« Change Sd to + (positive) and use the 
multimeter to adjust the voltage at TP6 to 
-f2 volts. Reestablish 0 reference for B 
Channel on the bottom lineof the osciUoscppe 
lace« 
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VOLTS + 



7J0 
6il 
5JQ 
4JD 
3X 
2.0 
1J) 
0 

"10 

VOLTS _ ^4jO 

-6 JO 
-7J0 
"BJO 
T 



TT Tt T3 T4 T5 
INPUT 



TO Tl T2 T3 T4 T5 
OUTPUT 



Graph 2-4 



p« While ohseiring the output signal, 
vary the input signal amplitude up and dovm* 
Reset the Input amplitude to 4 volts peak to 
peak and draw two cycles of the input and 
output signals on graph 2-4, 



(3) In a clamper circuit, using a 
capacitor that is too small will cause the 
oul^t signal to be distorted* (True) (False) 



q* Underline the correct response to the 
statements below* 



(1) The trainer is now arranged as a 
(positive) (negative) clamper with (positive) 
(negative) (no) bias* 



(4) Both the upper and lower extremities 
of the input to a clamper will vary as the 
input amplitude is varied; however, only the 
lower OR upper extremity of the output wlU 
change* (True) (False) 



(2) The (upper) (lower) extremity of the 
output signal is clamped at (*2) (0) (+2) 
volts* 



CONFIRM YOUR ANSWERS ON THE BACK 
PAGES* 



r* Summary 



(1) A positive clamper always clamps 
the lower extremity of the output signal to a 
positive voltage. (True) (False) 



CONSULT YOUR 
PROGRESS CHECK* 



mSTEUCTOR FOR 



(2) A negative clamper clamps the upper 
extremiiy of the output signal to a level 
determined by the bias applied to the diode* 
(True) (False) 



YOU lylAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK* 
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Tl T3 



ov 



I 
I 

TO 



t 
1 

12 



I 
I 

T4 




lOV 
5V 
OV 

-5V 



-lOV 



TO Tl T2 T3 T4 



Figure 50-8 



MODULE SELF-CHECK 



i. A series (negative) (positive) diode 
limiter wlU have (one) (two) positive pulse(s) 
across the output load for each cycle of 
input signal. 



2. The diode of a shunt positive limiter id 
connected In (series) (parallel) ivith the 
load. During the period that a voltage is 
developed across the load, the diode is 
acting as (an open) (a closed) switch* 



4. Given the circuit diagram and input 
signal shown in figure 50-8, draw the output 
signal on the graph. 



5- The schematic diagram in figure 50-9 
is correctly identified as a (positive) 
(negativ''^ limiter with (positive) (negative) 
bias. 



6. The circuit in figure 50-9 is correctly 
identified as a » 



3. A Series diode limiter will have an 
output developed when the input signal 
(forward) (reverse) biases the diode, and a 
shunt limiter will have an output developed 
^en the input signal (forward) (reverse) 
biases the diode« 



7. Draw the output signal on the graph of 
figure 50^9 for the input shown. 



Tl 
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T3 
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I 
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OV 
_10V 
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TO 



I 
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T2 
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T4 



Rl 

O VA- 



lOV 
5V 
OV 

-5V 



-lOV 



TO Tl 



T2 T3 T4 

RBP4-1523 



Figure 50-9 
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Figure SO* 10 



8, Considering the input and ou^t signals 
of the circuit in llgure SO*lO, the circuit 
would be correctly identified as a (NPN) 
(PNP) (cutoH) (saturation) Umlter* 

9« Increasing the forward bias in figure 
SO* 10 would cause limiting to (increase) 
(decrease)* 

10« When the input signal to a transistor 
amplifier is <tf such an amplitude that the 
transistor is alternately driven to cutaCf and 
saturation, the circuit becomes a/ an 

Umlter* 

ll« Basically, the purpose of a clamper clr* 
cult is to 

a« double the input signal voltage* 

b* double the input signal frequency. 



c, fix the upper or lower signal extremity 
at a specified level* 

d, change the waveshape of the input 
signal, 

12« A posittve clamper without bias will 
damp the (iipper) (lower) extremity of the 
output signal to (zero volts) (a posittve 
value) (a negative value), 

13, The circuit in figure SO-ll Is correctly 
identified as a (negative) (posittve) clamper 
with (negative) (positive) bias* 

14, With the square wave input shown in 
figure S0*11, draw the circuit oulput signal 
on the graph provided, 

CONTIRM yOXJR ANSWFitS ON THE 
BACK PAGES* 
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ANSWERS TO A: 

1. a. waveshaping 

protection 

2. negative, positive 

3. series 
4+ reverse 
5* forward 

K you missed ANY questions, review the 
material before you continue. 

ANSWERS TO B: 

1. parallel 
2* reverse 
3* forward 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TOC: 



1. 


a. 


(1) 




b. 


(3) 




c. 


(4) 




d. 


C2) 




e> 


(5) 


2. 


a« 


c 




b. 


b 




c. 


e 






d 




e. 


a 


3. 


c 




4. 


increase 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO D: 

1. 12 volts 

2. c 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO F: 

1* (1) f 

(2) d 

(3) a 

(4) b 

2* decrease, increase 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO G: 
1* lower, uqpper 

2. a/ (1) 
b. (2) 

3. a. (2) 
b. (1) 



If you missed ANY questivns, review the 
material before you continue. 



ANSWERS TO H: 



1. 


lower, positive 


2, 


positive, negative 


3. 


iqpper, negative 


4. 


negative, positive 


5. 


a. (4) 




b. (3) 




c. (2) 




d. U) 



K you missed ANY questions^ review the 
material before you continue* 
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ANSWERS TO LAB EXERCISE 50-1: 

3< d< Input 4 volts peak to peak 
Output 2 volts peak 



e* 




INPUT OUTPUT 
Graph 1* 1 



f. (1) series, positive 
(2) R3 




Graph 1-2 



1. (1) series, negative 
(2) R3 



S3-1 
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T4 TO 



Tl T2 T3 

OUTPUT 



Graph 1-3 



1. (1) shunt, positive 

(2) no 

(3) CR4 

n. 



VOLTS + 



VOLTS - 



T2 
INPUT 



Graph 1-4 



o. (1) shuntj n^ative^ no 
(2) CR3 

r. Input 4 volts peak to peak 
Output 1 volt peak 



T4 
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t, (I) shunt, negative, positive 
(2) negative^ positive 




X. (1) sbunt^ negative, positive 



(2) True 



The degree (amount) of limiting is 
primarily determined by the amplitude and 
polarity of voltage applied to the diode. 
Limiting will increase and decrease as bias 
is varied. 



If your response to ANY of the statements 
is wrong or if ANY of your measurements 
are more tiian 10 percent different^ go back 
and repeat that portion of the project. If 
necessary^ review the referenced text 
material for clarification. Your instructor 
will assist if needed. 



22 



ANSWERS TO LAB EXERCISE 50-2: 
3. d. Input 4 volts peak to peak 
Output 4 volts peak 



VOLTS + 



8^ 
7SI. 

SH- 
iSi- 
3J)- 
2i) 

ija 

0 

-u 

-2.0 
-3J) 

VOLTS - -4.0 

'Si 

-8J> 



TO Tl T2 T3 T4 TS 
INPUT 



TO Tl T2 T3 T4 TS 
OUTPUT 



Graph 2-1 



U (1) negative, no 

(2) charged, CR6 

(3) C discharge sUgbUy thru R4 

g. (I) True 

(2) 0 volts 

(3) 0, decreased toward zero 

b. (1) is 

(2) decrease, faster, R4 



j. 



VOLTS + 



8A 

7J0 
6.0 
SJO 



3i) 



IJO 
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-IJO 



-S,0 
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TO Tl T2 T3 -[A TS 
INPUT 



TO Tl T2 T3 T4 TS 
OUTPUT 



Graph 2-2 
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(1) positive, no 

(2) 0, positive 



7J3 
60 
5,0 

VOLTS + 4,0 

3jQ 
2Ji 

-A 

-2.0 
-3;0 

VOLTS -'AJU 
-SJ) 
-6,0 
-7 J) 
-8 JO 
TO 



TI T2 T3 T4 T5 TO Tl 

INPUT 



T2 T3 T4 T5 
OUTPUT 



Graph 2-3 



n, (l) positive, Degative 
(2) lower, >2 



8j0 
7Si 



VOLTS + 



SJ3 
ASi 
3J0 
2J0 
1J0 
0 

-IJO 
-2.0 
-3J0 

VOLTS --4 JO 
-5,0 
-6J0 
-7.0 
-8.0. 
TO 



Tl 



T2 T3 T4 TS 
INPUT 
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TO Tl T2 T3 T4 T5 
OUTPUT 



Graph 2-4 



(1) positive^ positive 

(2) lower, +2 
r. (1) Fai3e 

(2) True 

(3) True 

(4) True 



If your response to ANY of the statements 
Is TfTong, or if ANY (rf your measurements 
are more than 10 percent different^ go back 
and repeat that portion of the project. If 
necessary, review the referenced text for 
clarificatton. Your Instructor will assist if 
needed* 
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ANSWERS TO MODULE SELF-CHECK: 
1. negative, one 
2« parallel, an open 
3* forward, reverse 
4. 



1 



TO Tl T2 T3 

REP4-1S3S 

5. positive, negative 

6. double zener diode Umiter 
7. 



lOV 
5V 

-5V 
10V 



TO 



2 T3 TJ 

RBP4-1S26 



lOV 
5V 
OV 

-5V 



i-lOV 



8. NPN, cutoff 

9. decrease 

10. overdriven 

11. c 

12. lower, zero volts 

13. negative* negative 
14. 




50V 
25V 
OV 
-25V 
-50V 



TO T1 12 T3 TJ T5 

RBP4~1S37 



HAVE you ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHER GUIDANCE. 
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